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Appendix G 
Study Summary Tables for Key Question 1 
Gresset J, Meyer F. Risk of Automobile Accidents Among Elderly Drives with Impairments or Chronic Diseases. Revue Canadienne De Sante 
Publique 1994; Vol 85, NO. 4; 282-5. 

1 2 3 4 5 Key Questions 
Addressed √     
Research Question What is the influence of visual conditions which just meet minimal VA (VA) on the risk of “accidents” among 70 year-old drivers? 
Study Design Case-Control 

Inclusion Criteria Cases:  
Quebec residents who held passenger vehicle permits (class 5 driver’s permit) 
Drivers who were involved in crashes during their 70th year in 1988 or 1989 
Controls: 
Randomly selected drivers who were not involved in crashes during their 70th year in 1988 and 1989 

Exclusion Criteria Cases:  
Male drivers involved in fatal crashes (causing death of at least one of the individuals involved in the crash) 
and in crashes causing severe bodily damage (requiring hospitalization of at least one of the individuals 
involved 
Controls: 
Individuals missing medical records 

Study population 
Characteristics 

Characteristics Case Control
Population (n) 1400 2636 
Gender (male, 
%) 

100% 100% 

Age 70 70 
Refer to Table G- 1 for complete details  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods All drivers involved in crashes that involved mild bodily injury were selected for this study 
Controls were randomly selected from the 30,000± male drivers who were involved in crashes during their 70th year 
Information on subjects vision and/or impairments obtained from the SAAQ 
Information on mileage and prevailing driving conditions obtained through questionnaire mailed to study subjects 
4 a priori confounding variables considered: demerit points, mileage, number of hours driven and frequency of driving during rush 
hour 

Statistical Methods Multiple logistic regression was used to obtain odds ratios (OR) while controlling for confounding factors 
95% CI were obtained from the standard error of the beta coefficients 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

Y Y Y Y Y Y N N Y Y Y NR Y 
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Low 
             

Relevant Outcomes 
Assessed 

Risk of road crash for drivers with chronic medical conditions and/or impairments 

Results  • Prevalence of impairments including vision presented in Table G- 1. 
Drivers with at least 1 demerit point had a statistically significant higher risk of crash (OR;2.41, CI: 2.01-2.88) 
Response rate to questionnaire was 39.9% 
Proportion of those who responded did not differ significantly between cases and controls according to impairment or disease status 
Respondents to questionnaire, relative risk of crash increased by 12% per 10,000 km/year (OR=1.12, CI: 1.00-1.24); driving during 
≥9 hours per week was associated with relative risk of crash of 1.31 (Ci: 1.06-1.62) 
Drivers of more than 14 hours per week during rush hours had a relative risk of 1.24 (CI: 1.03-1.55) 
• Risk of crash for individuals with minimal VA (VA) presented and OR of 0.99, CI: 0.71-1.40 (Table G- 2). 
• Drivers with combined VA and monocularity, non-statistically significant increase in risk of crash observed as OR=1.16, CI: 

0.83-1.60 (Table G- 2). 
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Authors’ 
Comments 

• It is possible that this study failed to identify truly increased risks of crashes associated with the various impairments and 
medical conditions 

• “our study did not address the relationship between impairments or chronic diseases and the risk of accidents cause death or 
severe bodily injury” 

• The result from another study conducted in Quebec revealed that relative risks associated with visual impairments were 
similar for crashes with or without bodily injury 

Table G- 1 Prevalence of Chronic Impairments and Diseases among 1,400 Cases and 2,636 Controls 

 

Table G- 2 Odd Ratios of Accidents and Related 95% Confidence Intervals for Chronic Impairments and 
Diseases Among 70-year-old Drivers 

 

3 For internal agency use only, not for distribution 

 



Keeney A, Garvey J, Brunker G. Current experience with the monocular drivers of Kentucky. American Association for Automotive Medicine 
Proceedings, October 1-3, 1981, San Francisco 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Risk of crash for monocular drivers  
Study Design Retrospective Cohort 

Inclusion Criteria Monocular drivers enrolled in Kentucky’s Driver Limitation Program from 1976 to 1980 
Exclusion Criteria  
Study population 
Characteristics 

Variable  Value
N  52 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods o Monocularity is defined as best corrected vision in one eye of 20/200 or worse 
A request by Kentucky State Police or Division of Driver Licensing is made for a physical exam for driver 
limitation. Reasons for this request Include: 
1. Has been involved in three or more reportable motor vehicle crashes within a 24 month period 
2. Has received three or more convictions for operating a motor vehicle while under the influence of intoxicants 

or drugs within the last five years 
3. Has indicated that he/she “blacked out” or lost consciousness prior to a reportable motor vehicle crash 
4. Has been named in an affidavit by at least 2 witnesses as being incapable of properly operating a motor 

vehicle due to physical or mental infirmities 
5. Has been reported by a physician as being incapable of driving safely due to physical or mental condition or 

due to medication prescribed for an extended time 
6. Has been reported by a law enforcement officer after being observed driving or behaving in an erratic or 

dangerous manner which indicates a possibility of physical or mental infirmity 
7. Applicant for initial license or for renewal of same has obvious physical or mental impairment 
8. Has an official record kept by the Bureau of Vehicle Regulation indicating a possibility of physical or mental 

impairment 
o Frequency and characteristics of traffic violations, driver license restrictions, physical data and associated disease 

information was obtained from driver records. 
o Crash type, severity and frequency were obtained from crash reports. 

Statistical Methods Between group analyses 
Internal 
Validity 
Score: 

1 2 3 4 5 6 7 8 9 10 
Quality Assessment 

Category: 
Moderate 

S Y Y N N Y Y N NR Y 

Relevant Outcomes 
Assessed 

Risk of crash 

Results o During the period 1976-1980, monocular drivers had significantly more crash (p<0.05) with a rate of almost twice that of 
the general driving population (Figure G-1). Note: rates determined by extrapolation to 1000 subjects 

o Monocular drivers had significantly more (p<0.05) reckless driving violations, at a rate greater than one and a half times 
that of their binocular counterparts (Figure G-2). 

o In a subgroup analysis of drivers with blindness in left or right eye, drivers with a right blind eye demonstrated 
significantly more (p<0.05) traffic violations that those with a left blind eye, with a rate almost five times higher (466 vs 
95) (Figure G-3). 

Authors’ 
Comments 

Monocular drivers have an increased risk of crash versus the general driving public and significantly more driving violations versus 
binocular drivers. In addition, drivers blind in the right eye had significantly more traffic violations than drivers with a blind eye in the 
left.  
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Figure G-1: Rate of Crash by Monocular Drivers vs General Driving Population of Kentucky (1976-1980) 

 

Figure G-2: Rate of Reckless Driving Violations by Monocular Drivers vs General Driving Population of 
Kentucky (1976-1980) 

 

Figure G-3: Rate of Traffic Violations Comparing Right vs Left Eyed Blindness 
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McCloskey L, Koepsell T, Wolf M, Buchner D. Motor Vehicle Collision Injuries and Sensory Impairments of Older Drivers. Age and Aging 1194: 23: 
267-273 

1 2 3 4 5 Key Questions 
Addressed √     
Research Question To evaluate the roles of impaired static VA, ocular disorders and impaired hearing as potential risk factors for motor vehicle injury 

collisions 
Study Design Case-Control 

Inclusion Criteria Cases:  
Drivers treated for injuries sustained in a police-reported collision that occurred in 1987 or 1988 
Controls:  
Drivers who experienced no such injury during the study years; matched to cases by age, gender and county 
of residence 
All subjects were HMO members who were licensed drivers age ≥65 residing in Washington state counties; 
received medical care through Group Health System (GHC) facilities in King, Pierce, Snohomish, Thurston or 
Kitsap county 

Exclusion Criteria Cases/Controls: NR 
Study population 
Characteristics 

 
Measurement 
 
Population (n) 
Gender (m/f) 
Age (years) 

Cases 
 

235 
117/118 
65-80 

Controls 
 

448 
224/224 
65-80 

Refer to Table G-6 for complete details  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Cases were driver who sought medical care within 7 days for injuries sustained in a motor vehicle collision (MVC); reported to police 
when ≥65 year of age 
Cases utilized that date of the index MVC; controls it was the reference date for the corresponding case 
Cases were initially identified from police reports for MVCs in 1987-8 and then confirmed by examining GHC medical records 
Controls were randomly selected from a pool of eligible subjects who had not been injured in a police reported MVC during the 
calendar year of the reference date 
2 controls sought for each case and matched for gender, age (within 1 year) and county of residence) 
Information collected from 4 sources for analyses: GHC clinic records, survey from Washington State Department of Licensing, 
Drivers Services Division, and Washington State Patrol records (for cases only) 
Health history abstracted for all subjects’ medical records from routine visits 
Subjects completed a survey questionnaire that included questions about driving habits, number of miles driven, ownership pattern, 
formal educations, hearing aid, lifestyle factors and demographics 
Failed responses were called and invited to interview by phone 
Surrogate interview conducted with family members a/o close friends for cases who were either deceased or otherwise unable 
mentally, physically to complete survey 
Controls were matched to surrogate interviews 
Additional analyses were performed using a subject of cases who were considered at fault in the index collision; controls matched 

Statistical Methods Odds ratios used throughout as estimates of relative risk 
Most analyses utilized dichotomous measures of exposure and employed Mantel-Haenszel techniques for stratified data, each 
matched set forming a single stratum 
For analyses of exposure variables with more than two levels or for analyses conditional logistic regression used 
Unmatched logistic regression models used in few instances when the numbers of subjects having valid data were too small to 
accomplish a matched analysis 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

Y Y N N N Y Y NR Y N Y Y Y 
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Low 
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Relevant Outcomes 
Assessed 

• Motor vehicle collision risk for individuals with impaired vision 
• Risk of injury for individuals with visual impairments 

Results  • Non-whites were at a greater risk for an MVC ( relative risk (RR) 2.3; 95% confidence interval (CI) 12-4.6 
• Statistical significance in trend for cases to have less formal education than the controls (p-value for trend=0.02) 
• 3 variable examined that characterized driving styles: 

o Number of miles driven 
o Percentage of driving in one night 
o Those who drove alone were more likely to have an injury producing MVC (RR 1.8; 95% CI 1.2-2.5) 

• See Table G- 4 for the association between various ophthalmological conditions and the risk of MVC injury 
• Cases had shorter time interval between their most recent optometry examination and their reference date—a mean of 22.4 

months for cases (range 0-144; SD 24.2) versus a mean of 24.7 months for controls (range 0-228; SD 28.0); no statistical 
significance (p value = 0.3) 

• Table G-5 summarized the relative risk of collision injury associated with levels of visual impairment; levels of impairments of 
unaided VA were associated with elevated risk estimates but none statistically significant; no linear trend (p=.07) 

• Analysis of five levels of aided VA; we found a greater inverse association at each successive level of impairment, except for 
the highest level that had an elevated risk estimate (RR 4.3; 95% CI 0.5-40.3) 

• For aided visual acuities of 20/50 or 20/60 did the confidence interval exclude 1.0 (RR 0.3; 95% CI 0.1-0.9); no significant 
linear trend (p value=0.15) 

Authors’ 
Comments 

• “A case-control design is not particularly well suited to the study of rare exposures, as it tends to produce wide confidence 
intervals around the risk estimates, frequently allowing estimates to fall short of statistical significance 

• There may be several reasons for negative findings with respect to VA and ocular diseases: 
o Most individuals in population with severe impairment of VA (20/70 or greater) had already open screen out either 

by license testing protocols or by voluntary cessation of driving 
o Drivers may have responded to visual impairments with slower and more cautious driving behaviors that more 

than offset any increased risk ensuring from mild visual limitations; as vision deteriorates to 20/70 and beyond, 
perhaps cautious driving can no longer compensate 

o It is possible that some individuals may not have sought timely medical evaluations of their visual problems and 
were thereby misclassified with regard to the extent of their visual impairment at reference date 

o Individuals with same ocular diagnosis or the same level of full-illumination static VA may have had unmeasured 
differences in their functional visual capability 

7 For internal agency use only, not for distribution 

 



Table G- 3 Demographic and other Characteristics of cases and controls 
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Table G- 4 Risk of injury collisions associated with ophthalmologic conditions 

 
Table G-5 . Risk of injury at various levels of VA 
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McKnight AJ, Shinar D, Hilburn B. The Visual and Driving Performance of Monocular and Binocular Heavy-Duty Truck Drivers. Accid. Anal. & Prev. 
1991; Vol 23 No. 4: 225-237 

1 2 3 4 5 Key Questions 
Addressed √     
Research Question • To analyze and identify aspects of visual performance that might be affected by monocularity and the particular driving 

functions of heavy vehicle operators that are likely to be significantly affected the by the reduced visual function 
• Identify and formulated specific measures of visual and driving performance 
• Conduct a study to compare performance of monocular and binocular heavy vehicle drivers on the mentioned measures 

Study Design Prospective Cohort 
Inclusion Criteria Cases/Controls: 

NR 
Exclusion Criteria Cases/Controls: 

NR 
Study population 
Characteristics 

 
Measurement 
Population (n) 
Age (mean) 
Driving exposure 
Years of experience 

Monocular 
40 

46.5 
58,259 

21.5 

Binocular 
40 

44.3 
61,633 

16.8  

Population 

Generalizability to 
CMV drivers 

Relevant 

Methods • Initial search for monocular drivers based on search completed through Maryland Motor Vehicle Administration Driver records 
• All Class A drivers restricted to driving with outside mirrors contacted due to limited monocularity history on driving records 
• 33 recruited initially; remaining were recruited through notices posted in truck stops, letters sent to 300 ophthalmologists 

practicing in Maryland, Virginia and Washington D.C; newsletters mailed to truckers in the Northeast area 
• Sample obtained--40 binocular drivers matched for age and truck driving experience; included interviews total 1200 binocular 

drivers without any known visual limitations 
• All participants paid for participating in study 
• Visual performance measures considered totaled 8—static VA, dynamic VA, acuity under low levels of illumination, glare 

resistance, glare recovery, VF, depth perception, and contrast sensitivity 
• Driving performances included in study were identified by comparing visual deficiencies of monocular drivers with the 

requirements of heavy vehicle operation; measures included lane keeping, gap judgment, clearance judgment, information 
interpretation, and mirror checks 

• Operation definition of each visual performance measured included in Table G-6. 
• Performance measured during the day and at night to prevent deficiencies in acuity under low levels of light, glare resistance, 

and glare recovery  
• Trucks used in the study were the standard tractor-trailer combination, GMC Astro Cabo-over-engine Tractor and a 13.72m 

enclosed cargo trailer; tractors had a sleeper berth for data recording equipment installation 
• Cameras used to record events and drivers’ responses just as they occurred with a forward-facing video cameras mounted on 

a shock absorber pad in the sleeper berth behind the driver’s seat, zoomed to the maximum extent for a 90-degre field view 
• The 56km route contained a mixture of test batteries including freeway, urban, suburban, and rural street driving requiring 

subjects to turn 
• Time measured using counting video frames; camera facing rear measured distance of vehicles behind, length of gaps, 

clearance behind following lane changes and/or merging. 
• Nighttime measurements captured using super-8 motion picture camera 
• Behavior measured unbeknownst to drivers by informing them that test completed at certain point; requiring drivers to return 

to station with only one potential route; drivers unaware equipment still operating 
• Off street test measured using University of Maryland driving range to test for clearance judgment and sign recognition 
• Information recognition portion tested on circular track—subjects drover around the circle turning into crossroads 
• At the end of crossroads were signs directing drivers to perform an observable act--applicants instructed to respond to each 

sign as soon as they were able to read it. Assistant test administrator outside the vehicle observed the position of the tractor 
cab at the moment the subject responded and measured the distance from that point to the sign 

Statistical Methods NR 
Quality assessment Study quality 1 2 3 4 5 6 7 8 9 10 11 12 13 

10 For internal agency use only, not for distribution 

 



Y Y Y N N N N N Y Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Low 
             

Relevant Outcomes 
Assessed 

• Visual and driving performance (monocular vision, static VA, dynamic VA, contrast sensitivity, depth perception, glare 
resistance, night vision) measured using a battery of tests 

• Driving exposure measured in kilometers driven per year 
• Case and controls compared to assess potential risk of crash 

Results  • Refer to Table G-7 for driving performance measures in conjunction with visual performance measures 

Mean performance levels of monocular and binocular drivers on all the vision test summarized in Table G-8Table G-8; 
there were no significant differences between groups in static VA, dynamic VA, VF and glare recovery 

• Differences between two group no significant for VA in the seeing eye of monocular drivers compared to binocular acuity of 
binocular drivers 

• Groups did not differ in contrast sensitivity, depth perception, minimal illumination for night vision and glare resistance; 
however in all of these tests, the binocular drivers performance outweighed monocular drivers 

• Poorer performance recorded of monocular drivers in night vision and glare resistance; statistical significance of poor 
performance for monocular drivers in contrast sensitivity 

• All 3 measures differences for groups were less than one standard deviation within each group 
• Summarized mean performance levels and standard deviations located in Table G-9. 
•  Off-street test showed significant differences between the two groups both during the day and during the night, with binocular 

drivers having a reading distance that was on average 13% (5.6m) farther than the monocular drivers during th day and 12% 
(3.0m) farther at night 

• No significant differences found between the two groups of the five measures during day and night maneuvers 
No significance differences found in the total number of gaps considered unsafe either for day or nighttime driving 

• The only significant correlations for monocular drivers were between depth perception and daytime reading distance (r=0.39, 
p<.05) and between depth perception and nighttime sign reading distance (r=0.57, p<.05); Visual measures did not correlate 
significantly for either one of driving measures 

Authors’ 
Comments 

“…in the present study only one vision test was significantly related to only one driving performance variable. If the present sample 
of monocular drivers were tested directly on the signs test, simply screening out drivers who had to get closer than 30m in day time 
to respond to the signs would have raised the mean performance level of the remaining monocular drivers to that of the binocular 
drivers.” 
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Table G-6. Visual performance measures and their associated measuring devices 

 

Table G-7. Driving performance measures 
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Table G-8. Summary of performance on the driving tasks for the monocular and binocular drivers 

 

Table G-9. Summary of performance on the visual tasks for the monocular and binocular drivers 
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Study Summary Tables for Key Question 2 
Atchison D, Pedersen C, Dain S, Wood J. Traffic signal color recognition is a problem for both protan and deutan color-vision deficiencies. Human 
Factors 2003;45: 495-503.  

1 2 3 4 5 Key Questions 
Addressed       
Research Question Assess response times for color deficient individuals when responding to simulated traffic signals  
Study Design Cohort 

Inclusion Criteria Individuals free of systemic and ocular diseases and not taking medication that could affect color vision or 
driving performance 

Exclusion Criteria  
Study population 
Characteristics 

Variable  Value   
n  69 
Ages   16-35 
Gender M/F  100% M 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods 20 control (color-normal) and 49 color-vision deficient individuals (25 deutans and 24 protans) participated in the study. Color 
deficient subjects were grouped by severity of deficit (Table G-10). All participants had binocular VA of 6/6 or better (11 achieving 
level with untinted ophthalmic corrections). All study subjects participated in a simulated driving divided attention task. Instructions 
were to place a 1.5-cm diameter circle viewed on a computer screen inside a 1.5 x 2 cm rectangle (moving in a straight line at varied 
speeds). Feedback was received upon correct insertion of the circle. In addition, participants were asked to abandon the tracking 
task to respond to simulated traffic light signals and identify red, green, and yellow lights by pressing an appropriate response button. 
Failure to respond within 3 seconds was recorded as a failure to detect. No feedback was given for responses. Each color was 
presented a total of 16 times.  

Statistical Methods Shapiro-Wilks test, ANOVA, paired sample t tests, Bonferroni adjustment  
Internal 
Validity 
Score: 

1 2 3 4 5 6 7 8 9 10 
Quality Assessment 

Category: 
Low 

N N N N N N Y Y Y Y 

Relevant Outcomes 
Assessed 

Response time and errors 

Results Post hoc analysis for red (R) signals shows the color-normal group has significantly shorter response times than all color-deficient 
groups except for protanomals, and that protanomals have significantly shorter reaction times than do deuteranopes. A similar 
pattern occurred with yellow (Y) signals except that both deuteranomals and protanomals have significantly shorter response times 
that do deuteranopes. A clear trend of increasing response time with increasing severity is apparent for the deuteranomalous 
participants for both R and Y signals (Figure G-4). Response times to green (G) signals were not affected significantly by category of 
defect. Analysis of effect of illumination demonstrated that color deficient groups overall were quicker to respond to brighter than 
dimmer lights. Results for mean percentage errors show a similar trend to response times with errors increasing as the severity of 
the deficiency increased. Deutans overall performed worse than protans of the same severity category with the exception of mild 
deutans (Figure G-5). 

Authors’ 
Comments 

Response times were longer and errors more prevalent in the color deficient group versus color normal in responding to simulated 
traffic signals. 
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Table G-10: Color Vision Deficient Group 

 
Note: The Farnsworth lantern contains nine pairs of colored lights. Colors involved are green, red, and white. A pass is 2 or fewer identification errors 
on two runs. The Farnsworth-Munsell Panel D-15 test involves arranging 15 caps in order of color; color deficients of sufficient severity make 
particular types of arrangement errors. The Nagel anomaloscope requires participants to match various red-green mixtures with a yellow light.  
aExtreme anomalous trichromats are defined on three criteria. They accept matches at one extreme of the Nagel anomaloscope range, they accept 
the normal match, and they demonstrate high variability in the apparent extent of their deficiency. This has been described as “tuning” of their range 
after neutral adaptation (the Trendelenberg plate on most anomaloscopes; Pokorny et al., 1979). They were excluded from this study. 

Figure G-4: Mean adjusted response time (ms) 

 
Mean adjusted response times as a function of color-vision deficient subgroups for R, Y, and G signals. N=normals, DA = deuteranomals, 
D=deuteranopes, PA=protanomals, P=protanopes. 
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Figure G-5: Mean errors (%) 

 
Mean errors (%) as a function of color-vision deficiency subgroups for R, Y, and G signals. Error bars have been omitted for the sake of clarity. N = 
normals, DA = deuteranomals, D = deuteranopes, PA = protanomals, P = protanopes 
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Shirley S, Gauthier R. Recognition of coloured lights by color defective individuals. Canad J Ophthal 1968; 3: 244-253 
1 2 3 4 5 Key Questions 

Addressed     
Research Question Response of color blind individuals to light signals 
Study Design Cohort 

Inclusion Criteria Cases were individuals recruited from an all male technical school in Canada. Controls were female nurses 
of similar age.  

Exclusion Criteria Individuals with yellow-blue deficiencies 
Study population 
Characteristics 

  Cases  Control
n  52  21 
Gender M/F  100% M  100% F 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Subjects were recruited from a group of 800 male students with use of Ishihara color plates. 52 (6%) of individuals had some degree 
of red/green color blindness. Subjects were classified by degree of color defect using the Hardy-Rand-Rittler test (Table G-11). 
Cases that were mildly defective but not green/red defective were reported as “unclassified”. Response to standard traffic signals 
was tested in addition to response to “Symbolite” shaped signals. Canadian Aviation Electronics provided investigators with three 
traffic signal heads mounted on a trailer. On one side each signal head consisted of 4 color faces making a total of 12 faces 
available in random order (Figure G-6). All lenses had 12” round surfaces with bulbs of varying watts. Two intensities of light were 
used to provide equal or varied brightness to color. On the other side of the trailer, everything was the same except for the shape 
and the size of the lenses (Figure G-7). The red light was square; green light round; and yellow was diamond shape. Surface size 
varied with red at 132 square inches, green at 100, and yellow at 72. Brightness varied with yellow being brightest and red the least 
bright. Lights were presented in similar sequence from top to bottom and left to right. Each exposure was 5 seconds. An indoor 
flashing light test exposed subjects to five different lights four times in random order. Intensities were either standard or reduced. 
Subjects were tested in a well-lit room and a dark room. The ordinary street traffic light test and Symbolite test were both performed 
outdoors and presented at standard and reduced intensities. 

Statistical Methods  
Internal 
Validity 
Score: 

1 2 3 4 5 6 7 8 9 10 
Quality Assessment 

Category: 
Low 

S Y N Y N N Y Y NR Y 

Relevant Outcomes 
Assessed 

Risk of crash 

Results Results for flashing signal test are shown in Figure G-8 and Figure G-9. The influence of chromaticity (hue, saturation, intensity on 
recognition of flashing light) is shown in Figure G-10Figure G-10. Results demonstrate that all colors were more mistaken at a low 
intensity. Amber is the most mistaken color at either intensity. Blue is the least mistaken. 11% made errors at high intensity, 13% at 
low. Conditions of daytime and nighttime were also tested. Results demonstrate that all colors are seen better at night with the 
exception of red (Figure G-11). 21 normal controls made no mistakes. Further analysis indicates that the “mild deutan” could be a 
safe driver in a flashing lit condition. Results for street traffic signals indicate that both the protan and deutan make fewer mistakes 
(almost none) on the yellow when its relative brightness is increased. Again, 21 controls made no mistakes. Results for the 
Symbolite test indicate slightly more than 1% of mistakes being made when deciphering between various symbol traffic lights at low 
intensity (Figure G-12). No mistakes were made at a higher intensity for either group. 

Authors’ 
Comments 

Color blind drivers would have less difficulty differentiating traffic signals with installation of symbol traffic lights and increased 
brightness of lights.  

Table G-11: Classification of Color Defective Subjects 
 Mild Medium Strong 
Protans (red defective) 8 7 2 
Deutans (green defective) 4 13 10 
Unclassified  8   
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Figure G-6: One side of trailer (similar shaped signals) 

 
Figure G-7: Other side of trailer (different shaped signals) 
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Figure G-8: Flashing Lights Test by Increasing Deuteranomaly 

 
Results of flashing lights test by green defective subjects arranged by increasing deuteranomaly. Ordinate represents color presented, the abcissae 
the wrong color named by the subjects.  

Figure G-9: Flashing Lights Test by Increasing Protanomaly 

 
Results of flashing lights test by the red defective subjects arranged by increasing protanomaly. Ordinate represents color presented, the abcissae 
the wrong color named by the subject. 

Figure G-10: Influence of Intensity 
 All groups at High Intensity    All Groups at Low Intensity 

 
Influence of intensity on red-green color defectives. The ordinate represents the color presented, and the abcissae the wrong color named by the 
subjects in percentage of possible errors. 
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Figure G-11: Influence of Background 

 
Figure G-12: Symbol Street Traffic Lights 
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Tagarelli A, Piro A, Tagarelli G, Lantieri P, Risso D, Olivieri R. Color blindness in everyday life and car driving. Acta Ophthalmologica Scandinavica 
2004; 82: 436-442 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Driver performance of color blind individuals 
Study Design Cohort 

Inclusion Criteria Male students screened at age 11-14 years living in the province of Cosenza, in Calabria, southern Italy 
with color vision or normal vision recruited from 1987-1991. Upon maturity, students must hold a drivers 
license but for no longer than 3 years. 

Exclusion Criteria 19 towns with populations including an Albanian ethnic minority  
Study population 
Characteristics 

  Total Population Color blind  Normal vision 
n    151  302 
Age (yrs) mean±SD   21.4±1.3  21.2±1.3 
Gender M/F  100% M 
Driving Experience   2.7±1.2  2.6±1.2 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods 4,194 male students were screened for color defectiveness using the Ishihara test, a standard pseudoisochromatic test for 
identifying red-green color blindness. This tool is typically not used to grade severity of color deficiency. 268 (6%) of the students had 
color deficiencies. In 2001, after sufficient time for maturity, investigators tracked down 151 subjects by telephone for interviews. 
Questionnaire utilized (Table G-12) covered difficulties faced during everyday life including driving a car. 

Statistical Methods Fisher test, chi-square test, Mann-Whitney U-test 
Internal 
Validity 
Score: 

1 2 3 4 5 6 7 8 9 10 
Quality Assessment 

Category: 
Moderate 

S Y Y Y Y N Y N NR Y 

Relevant Outcomes 
Assessed 

Driving performance 

Results Questionnaire results are shown in Table G-13. Results indicated differences in responses in everyday life situations between the 
color-blind subjects (CS) and orthochromatic subjects (OS). The CS group had more difficulty perceiving natural color (40.4% vs 
1.0%, p<0.0001), distinguishing cooking colors (31.7% vs 8.6%, p<0.0001), and clothes colors (23.8% vs1.0%, p<0.0001). 
Responses for driving performance only demonstrated significance for daytime driving preference for the CS group, (38.4% vs 6.7%, 
p <0.0001). The CS group stated more difficulty (4.8% vs 2.0, NS) in stopping when the orders of the colors of the traffic-lights are 
changed and in identifying the reflectors on the road at night (4.0% vs 2.8%, NS). Similar results were found in percent obtaining 
license (83.4% vs 83.8%, NS), identifying the colors of traffic light signals (98.4% vs 96.8%, NS), and involvement in car crashes 
(18.3% vs 19.8%, NS).  

Authors’ 
Comments 

A significant difference between color-blind and orthochromatic subjects was only demonstrated in a daytime driving preference by 
the color deficient individuals.  
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Table G-12: Study Questionnaire 
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Table G-13: Questionnaire Responses 

 
CS=color-blind subjects (n=151); OS=orthochromatic subjects (n=302); C v O = color-blind versus orthochromatic. Statistical significance of 
differences (chi-square test or Fisher exact test, two-tailed significance level 0.05, NS=not significant). Questions Q8b-f, Q9, Q20 (all answers yes or 
no) and Q10 (age) are not included in the table.  
* Percentage with 5% intervals of their values overlapping were considered equals. Sign test: global (12´+´/12, p = 0.0004), everyday life (7´+´/7, p = 
0.0016) and car driving (5´+´/5, p = 0.0625). 
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Study Summary Tables for Key Question 3 
McGwin G, Sims R, Pulley L, Roseman J. Relations among Chronic Medical Conditions, Medications, and Automobile Crashes in te 
Elderly: A Population-based Case-Control Study. American Journal of Epidemiology 2000; Vol 152 No. 5: 424-31. 

1 2 3 4 5 Key Questions 
Addressed   √   
Research 
Question 

What is the association between at-fault invol vement in crashes for drivers with VF loss? 

Study Design Case-Control (Single blinded) 
Inclusion Criteria Cases: 

Involved in at least one automobile crash between January 1 and December 31 1996 
Controls: 
Population abase included all residents of Mobile County, Alabama aged ≥65, having a driver’s 
license in 1996 according to data tapes from the Alabama Department of Safety (DPS) 

Exclusion Criteria Cases: 
NR 
Controls: 
44 excluded because they reported stopped driving prior to 1996 

Study population 
Characteristics 

Refer to Table G-14, Table G-15, and Table G-16 for complete 
details  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Participants matched nonparticipants in age or gender; racial differences were not measured 
Telephone interviews conducted using the local telephone directories to obtain numbers; a random selection used for 
individuals who’s telephone numbers were not identified using the directories 
Trained interviewers used to conduct interview who were blinded to cases 
Information pertaining to chronic medical conditions, medications, driving habits, visual and cognitive functioning obtained 
Police records for crashes of the participants obtained by Alabama DPS 
A random sample of 1,900 potential controls selected from the DPS file; more controls used then cases for future exclusion 
During interview, subjects were asked if a healthcare professional told them that they had several medical conditions including 
but not limited to kidney disease and diabetes 
Information on driving habits collected including information pertaining to crash involvement (1991-5) provided by the DPS of 
Alabama 
Visual function assessed using a version of the National Eye Institute Visual Functioning Questionnaire (VFQ); Cognitive status 
assessed using the Short Portable Mental Status questionnaire 

Statistical 
Methods 

Crude odds ratios (OR) and 95% CI were computed 
Chronic medical conditions, driving, and demographics for subjects calculated using frequency distributions 
Analyses for demographic factors and annual mileage performed 
Separate (unconditional) logistic regression models used to compare at-fault drivers involved in crashes with reference 
groups—not-at-fault drivers involved in crashes and drivers not involved in crashes 
Short Portable Mental Status Questionnaire used to used to measure cognitive impairments 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

Y Y Y Y Y Y N Y Y Y Y Y Y 
14 15 16 17 18 19 20 21 22 23 24 25  

Quality 
assessment 

Moderate 
             

Relevant 
Outcomes 
Assessed 

• Rate of driving exposure measured subjectively 
• VF function assessed using the National Eye Institute Visual Functioning Questionnaire (VFQ) 

Results  • At-fault drivers were more likely to rate the quality of their driving as average or worse compared with not-at-fault drivers 
• For self-reported vision impairment, adjusted odds ratios (OR) for far (OR=1.2, 95% CI: 0.8, 1.7) and peripheral (OR=1.4, 

95% CI: 0.8, 3.0) vision impairment were both elevated 
• The annual mileage of at-fault drivers was greater than that among not-at-fault drivers and drivers not involved in crashes; 

all subsequent analyses are mileage adjusted. The at-fault crash rate was 2.1 times (95 percent CI: 1.5, 3.0) higher in 
drivers who had been involved in a crash in the previous 4 years than in drivers who had not been involved in crashes 
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Authors’ 
Comments 

Study has several limitations: 
 “All information on independent variables of interest was obtained via self-report. In particular, information on self-reported 
health status is a concern for a number of reasons. Subjects may be unwilling to divulge this information or simply 
misunderstand or forget the diagnosis.” 
 “It should also be noted that drivers involved in fatal crashes were not excluded from this study.” 
 “We were able to obtain telephone numbers for 80 percent of the eligible cases.” 

Table G-14. Demographic and driving characteristics of at-fault drivers involved in crashes, not-at-fault drivers 
involved in crashes, and drivers not involved in crashes, Mobile County, Alabama, Jan. - Dec. 1997 

 

Table G-15. Medical characteristics of at-fault drivers involved in crashes, not-at-fault drivers involved in 
crashes, and drivers not involved in crashes from Mobile County, Alabama, January to December 1997 
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Table G-16. Medication use of at-fault drivers involved in crashes, not-at-fault drivers involved in crashes, and 
drivers not involved in crashes from Mobile County, Alabama, January to December 1997 
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Szlyk J. Alexander K, Severing K, Fishman G. Assessment of Driving Performance in Patients with Retinitis Pigmentosa. Arch Ophthalmol 1992; 
110: 1709-13. 

1 2 3 4 5 Key Questions 
Addressed   √   
Research Question Is there a greater crash risk for individuals with Retinitis Pigmentosa (RP) and VF loss compared to drivers with normal vision? 
Study Design Case-Control 

Inclusion Criteria Cases: 
Individuals with RP diagnosis with a VA (VA) of 20/40 or better 
Absence of astrophic or cystic-appearing forveal lesions 
Minimal or no posterior subcapsular cataracts 
A minimum of 1000 miles driven per year 
Controls: 
NR 

Exclusion Criteria Cases/Controls: 
NR 

Study population 
Characteristics 

Measurement 
Population (n) 
Gender (m/f) 
Age, years (mean ± SD 

Cases 
21  

12 m/9 f 
29-67 (42.3±11.8) 

Controls 
31 

15 m/16 f 
21-64 (39.0±12.4)  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Control group had normal vision and held an unrestricted driver’s license and drove regularly 
Majority of control group were relatives and friends of the subjects with RP; remaining 22% were employees of the university of 
Illinois in Chicago 
RP and control groups did not differ in age, or gender; self reports indicated no differences found in miles driven per year—groups 
did not differ in either state anxiety as measured with the State-Trait Anxiety Inventory (consulting psychologists press inc.) 
Various tests performed including the VF measures, driving assessment system (interactive simulator), simulator performance 
indexes and crash measure 
• VF measures involved binocular VF maps produced by merging monocular fields of each subject with RP. Refer to Figure G- 

13 for binocular fields; Table G- 17 for characteristics of RP group 
Driving simulator analyzed speed along with braking pedal pressure, number of lane crossings and brake response time 
The simulator was controlled by a microprocessor which analyzed mean speed, mean braking pedal pressure and number of lane 
crossings (boundary); subjects able to monitor speed using speedometer, flow fields created by passing landscape and traffic, 
turning resistance on steering wheel and alterations in engine sound 
“Accidents” reported using a self-reported questionnaire and/or state records of accidents 
Accidents defined as crashes with moving or stationary objects resulting in property damage; self reported crashed categorized as 
either peripheral or nonperipheral; daytime or nighttime 
All collision with road obstacles on the simulator were recorded as crashes on the microprocessor 

Statistical Methods Kolmogorov-Smirnov two-sample test used to measure demographic comparisons; z scores used  
• Self reported crashes and simulators were analyzed separately by a Bayesion method comparing proportions 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

S S S S S S S S S S    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

• Driving performance measured including number of crashes in a 5 year period and response time in regards to driving  
• Brake response time recorded using driving simulator 
• Crash risk assessed using driving simulator 
• Spearman correlations measured differences between VF and number of crashes for RP subjects 

Results  • Table G-18 shows crash data for subjects with RP and normal. Self reported crashes had a greater proportion of RP 
population (.005 probability)(19/23 or 88%) than normal subjects (31%) 

• 5 minute test period showed 21 subjects with RP for a total o f4 simulator crashes; 31 of control group had none 
• Logistic regression analyses on data from RP subjects completed; Table G 19 displays results 
• Correlations between VFs and simulator indexes for the patients with Retinitis Pigmentosa (Table G-20). 
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• Spearman correlations measuring differences for RP group between VF and number of crashes shown in Table G-21; 
correlations significant for the VF measures used 

• Binocular VF profiles of subjects with RP measured with Goldmann V-4-e target as shown in Figure G- 13 
• Simulator picture shown in Figure G-14; picture illustrates operator’s view 
• Relationship between horizontal field extend (III-4-e) and self reported crashes for RP subjects shown in Figure G-15 

Authors’ 
Comments 

• “…we were not able to obtain state accident data from all subjects with RP or control subjects, either because a number of our 
subjects (five subjects with RP and eight controls) did not have Illinois licenses or because they chose not to allow us access 
to their records (four subjects with RP and four controls) 

• “There was a statistically significant correlation between the severity of the field loss and number of crashes. Consequently 
our results demonstrate that VF extent is a primary correlate of automotive accidents in this group of subjects with RP.” 

Table G- 17  Characteristics of Patients with Retinitis Pigmentosa 

 

Table G-18. Self-Reported Accidents 

 

Table G 19. Logistic Regression Analysis for Patients with Retinitis Pigmentosa 
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Table G-20. Correlations Between VFs and Simulator indexes for the patients with Retinitis Pigmentosa 

 

Table G-21. Spearman Correlations Between VF Measures and Self-Reported Accidents for the Patients with 
Retinitis Pigmentosa 

 

Figure G- 13. Representatives binocular VF profiles of the subjects with retinitis pigmentosa measured with a 
Goldman V-4-e target 

 

Figure G-14. Left, the configuration of the driving simulator, illustrating the subject’s location and the video 
display 
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Figure G-15. Horizontal field extent vs number of self-reported accidents for the subjects with retinitis 
pigmentosa 
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Rubin G, Ng ESW, Bandeen-Roche K, Keyle PM, Freeman EE, West SK, SEE Project Team. A Prospective, Population-Based Study of the Role of 
Visual Impairment in Motor Vehicle Crashes among older Drivers: the SEE study. Investigative Ophthalmology and Visual Science 2007; Vol 48 No 
4: 1483-91. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To determine the role of vision and visual attention factor in automobile crash involvement 
Study Design Prospective Cohort 

Inclusion Criteria Participants had to score higher than 17 on the Mini-Mental State Examination (MMSE) and be able to travel 
to the SEE clinic for examination 
 

Exclusion Criteria NR 
Study population 
Characteristics 

Characteristics 
Population (n) 
Age 
Gender (m/f) 

Drivers 
1,801 
65-65 

49.8% m/50.3 f 

Nondrivers 
719 

65-85 
23% m/77% f 

Refer to Table G-22 for complete details 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods • Refer to Figure G-16 for characterization of eligible drivers 
Sample included 100% of the identified African American residents and an age-stratified random sample of 58% white residents 
Informed consent obtained using forms approved by the institutional human experimentation committee, and a 2 hour in-home 
interview administered followed by a 4-5 hour clinic examination 
Almost ½ of eligible subjects who refused to participate in the study agreed to answer a brief subset of the home questionnaire 
SEE study participants were invited to return for follow-up examinations at 2, 6 and 8 years after baseline examination; records of 
participants who did not return for follow-up were examine to determine whether they had died or been admitted to a nursing facility 
before the end of the crash reporting period, December 31, 1997 
Cognitive status assessed with MMSE and number of comorbidities was elicited with a structured medical history questionnaire, 
both during the home interview; comorbidities included arthritis, broken hip, cardiovascular disease (CVD), hypertension, diabetes, 
emphysema, asthma, Parkinson’s disease, cancer and stroke 
Depression assessed using a General health questionnaire 
Several areas of vision tested and measured including: 
VA 
Contrast sensitivity 
Glare sensitivity 
Stereoacuity 
VFs 
Test of attention 
VFs were tested separately in each eye by using the 81-point single intensity screening test strategy on the Humphrey Field 
Analyzer field with a single target intensity of 24 dB 
If the fixation losses, false negative, or false positives exceeded 20%, the test was topped and the participant was reinstructed 
before re-testing 
Field tests scored two ways: 
Number of points missed counted 
VFs for the two eyes were combined according to method described in Turano et al 
Binocular field composed of 96 pints that were subdivided into the central region and the upper and lower peripheral regions 
Number of miles driven during the year before the interviewed obtained; Individuals reporting fewer than 500 mile driven in prior 
year excluded from analyses 
Follow-up home interview was conducted 2 years later to determine changes to driving status 
Crash data obtained from Maryland Automated Accident Reporting System (MAARS) for the years 1991 to 1997 for all subjects 
licensed to drive in Maryland 

Statistical Methods Survival analysis used to determine relative risk of being involved in crash regarding measured variables including vision 
Cox proportional hazard models used to analyze time from baseline examination to first crash 
Data censored if subjects stopped driving, died or moved to a nursing facility 
Separate models were fit with and without adjustment for four aspects of driving behavior: 
Mile driven before baseline examination 
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Reduction fewer than 3000 miles per year at baseline 
Cessation of night driving during follow-up among night drivers at baseline 
Log-log plots, residual plats and global test were used to check the proportional hazards assumption 
Analyses performed with SAS/JMP version 5.1; Cary, NC software 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

S S Y Y Y Y Y Y Y Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

• Visual function assessed including VA, VF, contrast and glare sensitivity 
• Crash risk measured according to vision  

Results  • Age at baseline was a predictor of crash risk (hazard ration (HR=1.20 per 5 years of age; 95% CI =1.00-1.44, p<0.05). More 
details in Table G-23 

• Nearly 13% of the participants (n=227) failed the stereoacuity screening test at 457 arc sec and categorized as 
stereodeficient; Figure G-17 show unadjusted crash rates for each quintile of the remaining vision variables and UFOV 

• Table G-24 presents the crash risk for each of the vision variables individually and adjusted for demographics and health 
status variables 

• HRs are computed for a 15 letter loss of VA (0.3 logMAR or a doubling of the visual angle), a six-letter worsening of contrast 
or glare sensitivity (0.3 logCS or doubling of threshold contrast) and a loss of 15 points in VFs; values derived from previous 
studies showing that these levels of vision loss are associated with an increase in self reported disability or a measurable 
decline in performance 

• Acuity at normal and low luminance, contrast sensitivity and stereoacuity were not significant predictors of crash risk (p> 0.1) 
• Glare sensitivity and binocular VFs were associated with crash risk 
• The VF data analyzed to determine which part of the field was most critical for crash risk: central and upper peripheral fields 

no associated with crash risk (p> 0.05); significant reduction in crash risk with lower peripheral field loss < 10 points 
(HR=0.44, p=0.03) and significant increase in risk with lower field loss ≥10 points (HR= 1.96; p=0.01) 

• UFOV data available for 857 eligible drivers; Figure G-17 
• Table G-24 shows results adjusted for demographic and health status; UFOV score associated with crash risk (HR=2.12, 

p=0.002); worse UFOV score associated with increased crash risk 
Authors’ 
Comments 

• “VFs are known to play an important role in mobility, and we have shown that field loss is associated with a decline in mobility 
performance and driving cessation in the SEE cohort.” 

• “We found that UFOV is a strong predictor of crash involvement.” 
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Table G-22. Baseline Characteristics of Drivers and Nondrivers 

 

Table G-23. Analysis of Baseline Characteristics 
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Table G-24. Analysis of Vision Risk Factors 

 

Figure G-16. Characterization of the sample of eligible drivers 
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Figure G-17. Plots showing unadjusted crash rates for each of the vision tests and the UFOV test, divided into 
quintiles 
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Haymes S, LeBlanc R, Nicolela M, Chiasson L, Chauban B. Risk of Falls and Motor Vehicle Collisions in Glaucoma. Ophthalmology & Visual 
Science 2007: Volume 48, No. 3: 1149-1155. 

1 2 3 4 5 Key Questions 
Addressed   √   
Research Question To investigate the risk of falls and motor vehicle collisions (MVCs) in subjects with glaucoma 
Study Design Case-Control 

Inclusion Criteria Cases: 
Included if a glaucoma specialists diagnosed glaucoma, glaucomatous optic disc damage ( e.g., notching or 
progressing thinning of the neuroretinal rim), and corresponding VF damage detected with standard 
automated perimetry 
Controls: 
Normal ocular examination and VA better than 0.30 logMAR (20/40) in each eye 
Individuals with glaucoma were recruited from the Glaucoma Clinic of the Eye Care Centre, Queen Elizabeth 
II Health Sciences Centre (Halifax, Nova Scotia) 
All subjects had to be older than 50 years 

Exclusion Criteria Cases/Controls: 
Individuals in nursing home residence, use of a mobility device, cognitive impairment (more than two errors 
on the Short Portable Mental Status Questionnaire), systematic disease or medication known to affect the 
VF, cataract (worse than grade II using the Lens Opacities Classification System II), and concomitant ocular 
disease 

Study population 
Characteristics 

Measurement 
Population (n) 
Age (years), mean (SD) 
Gender (female), n (%) 
Refer to Table G-25 for complete 
details 

Cases 
48 

69 (9) 
24 (50) 

 
 

Controls 
47 

67 (7) 
27 (57) 

 
  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Demographic and medical data collected from subjects by using structured questions and checklists that included age, gender body 
mass index (BMI), medical conditions and systemic medications 
Data on glaucoma duration, eye drops and glaucoma surgery were obtained from clinical records 
Protocol included clinical record review, interview to obtain demographic, medical, glaucoma, falls, MVC data—followed by 
questionnaires; full ocular test for subjects, vision test 
Procedure conducted at baseline and repeated at 6 and 12 months 
Subjects issued calendar and diary to record falls and MVCs occurring during the study upon informed consent 
Functional independence assess with Multidimensional Functional Assessment Questionnaire (MFAQ); Physical activity level was 
assessed with the Physical Activity Scale for elderly (PASE) 
Both questionnaires were administered in person by a trained interviewer 
UFOV test was administered and comprised of 3 subtests: central vision and processing speed, divided attention and selective 
attention 
Main outcome measures at baseline were previous self reported MVCs and falls, and police-reported MVCs 
Clinical vision measures included VA, contrast sensitivity, standard automated perimetry, useful field view (UFOV), and steropsis 
Analysis of falls and MVCs adjusted to account for possible confounding effects of demographic characteristics, medications, and 
visual impairment 
MVC analyses were adjusted for kilometers driven per week 
MVCs defined as “any collision with another car, object, or person while driving a motor vehicle, regardless of damage or fault 

Statistical Methods Data analyzed on computer (SPSS ver. 12.0 for Windows; SPSS Inc., Chicago, IL) 
Descriptive statistics calculated for demographic, medical, functional, vision, clinical, and riving exposure characteristics 
Groups comparisons were made using t-test, Mann Whitney tests, and X² test for continuous, ordinal and nominal data 
Analysis were two-tailed and P<0.05 considered statistically significant 
Agreement between self-reported and province-recorded police-report was analyzed using the k coefficient 
Associations between glaucoma an falls and glaucoma and MVCS; visual factors and main outcome measures in glaucoma group 
were evaluated using logistic regression analysis 
Vision measures were dichotomized using criteria considered to be clinically important and adjustments made for possible 
confounders 

36 For internal agency use only, not for distribution 

 



1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

S Y Y Y Y Y Y Y Y Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

• Risk of MVCs and falls for individuals diagnosed with glaucoma assessed 
• Distant VA was measured monocularly using Early Treatment Diabetic Retinopathy Study (ETDRS); CS measured using the 

Pelli-Robson CS Chart 
• VFs assessed using HFA Swedish Interactive Threshold Algorithm (SITA) 24-2 program, and the binocular Esterman program 
• Rate of driving exposure measured using the driving habits questionnaire to estimate the number of kilometers driven weekly 

Results  • There were no significant differences between patients with glaucoma and control subjects with respect to number of systemic 
medical conditions, body mass index, functional independence, and physical activity level (P >0.10).  

• At baseline, 40 (83%) patients with glaucoma and 44 (94%) control subjects were driving. Compared with control subjects, 
patients with glaucoma were over three times more likely to have fallen in the previous year (odds ratio [OR] adjusted = 3.71; 
95% CI, 1.14 –12.05)(Figure G-18), over six times more likely to have been involved in one or more MVCs in the previous 5 
years (OR adjusted = 6.62; 95% CI, 1.40 –31.23), and more likely to have been at fault (OR adjusted = 12.44; 95% CI, 1.08 –
143.99). Refer to Table G-26 for complete details  

• The strongest risk factor for MVCs in patients with glaucoma was impaired UFOV selective attention (OR adjusted = 10.29; 
95% CI, 1.10 –96.62; for selective attention >350 ms compared with ≤350 ms).Refer to Table G-27 for complete details 

• Reports from province records similar in self-reported results (Figure G-19) 
• Agreement between self-reported and police-reported MVCs were high (k= 0.82, P < 0.001); agreement high for individuals 

MVCs (k=0.74, p<0.001) 
• Subjects who had undergone glaucoma surgery were less likely to have been involved in MVCs (OR self-report, all = 0.15; 

95% CI, 0.03– 0.87 and OR self-report, at-fault = 0.05; 95% CI, 0.00–0.65). 
• Patients with greater VF impairment (worse eye HFA MD ≤-10 dB), were over four times more likely than those with less 

impairment to have been involved in self-reported at-fault MVCs after adjustment for age, gender, number of systemic 
medications and on-road driving exposure, although the 95% CI included 1.00 (OR = 4.97; 95% CI, 0.73–33.81) 

Authors’ 
Comments 

• Self- reported findings appeared stronger than police-reported findings 
• Although possible factors involving risk of falls and MVCs in glaucoma, “our sample size was small and visual factors were 

assessed after the MVCs had occurred”. 
• “The findings of this clinical study indicate there is an increased risk of falls and MVCs in patients with glaucoma. On the basis 

of this, we have commenced a larger prospective study to investigate the underlying factors further. Potentially, the results 
have implications for patient education, licensing of drivers, and intervention programs.” 

Table G-25. Demographic, Medical and Functional Characteristics of Study Sample 

 

37 For internal agency use only, not for distribution 

 



Table G-26. Vision Characteristics of Study Sample 

 

Table G-27. Odds Ratios for Falls and MVC’s in Patients with Glaucoma 

 

Figure G-18. Proportion of subjects in the glaucoma group (n=48) and the normal control group (n=47) who 
reported one or more falls in the previous 12 months 
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Figure G-19. Proportion of drivers in the glaucoma group and the normal control group who reported one or 
more motor vehicle collisions in the previous 5 years 
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Ball K, Roenker D, Wadley V, Edwards J, Roth D, McGwin G, Raleigh R, Joyce J, Cissell G, Dube T. Can High-Risk Older Drivers Be Identified 
Through Performance-Based Measures in a Department of Motor Vehicles Setting? JAGS 2006; 54: 77-84. 

1 2 3 4 5 Key Questions 
Addressed   √   
Research Question To evaluate the relationship between performance-based risk factors and subsequent at-fault motor vehicle collision (MVC) 

involvement 
Study Design Cohort 

Inclusion Criteria Subjects: 
Older adults who renewed their driving licenses at three MVA field site offices in Maryland (Glen Burnie, 
Annapolis, Bel Air) between 1998 and 1999 
Individuals from community site, Leisure World including individuals referred to Maryland Advisory Board 
 

Exclusion Criteria Cases/Controls: 
NR 

Study population 
Characteristics 

Measurement 
Population (n) 
Age, mean ± SD 
White (%) 

Participants 
1,910 

68.55±7.95 
54 

Non-Participants 
2,060 

69.37±7.81 
47 

Refer to Table G-28 for complete details 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods An MVA staff member approached participants to request that they assist in evaluating a series of assessment measures 
Recruitment began after license renewal completion and subjects were reassured that their participation who had no bearing on 
their driving privileges 
Vision assessments performed although not a part of the study 
Individuals who agreed to participate were placed in a room to obtain informed consent 
Test batteries divided into two part consisting of GRIMPS along with the UFOV and Mobility Questionnaire 
Declaration of Helsinski ethical guidelines followed 
The GRIMPS battery included an 11 minute assessment composed of Physical measurements which included, foot tap, arm reach, 
head/neck rotation, Cognitive measures including cued and delayed recall, symbol scan, motor free visual perception test, Trails A & 
B 
Speed of processing part of the UFOV test—participants are to identify a central target and locate a peripheral target simultaneously 
A questionnaire used for self reported mobility which included information about employment, driving exposure, driving avoidance, 
general mobility, etc. 
Tester training held for all volunteer MVA staff which assessed performance in serving battery tests; testers required to 
perform/practice on elements without error prior to being permitted to administer tests 
Primary outcome of interest was MVA because of information availability—as information is readily available for measuring 
Crash records obtained during follow-up period from Maryland MVA Administration of Driver Safety Research Office; outcome 
period ranged from 4.18 to 5.13 years after assessment depending on the initial date of assessment 

Statistical Methods At fault and fault-unknown events included as independent measure 
Subjects presented with scale containing mileage in 2,500-mile blocks (0-2,500 miles, 2,501-5,000 miles etc)--participants asked to 
estimate their annual driving mileage; midpoint of selected interval used as an estimate of annual mileage 
t-tests used for MVC comparisons 
To evaluate predictors of at-fault MVC occurrences, logistic regression analyses run in SAS using the event/trial syntax 
Number of trials determined by calculating interval between participants assessment and follow-up period 
Multivariate analysis conducted to examine if cognitive measures found to be significant predictors in univariate analysis 
Dichotomous measures used to identify cutpoints to determine crash prediction 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

Y Y Y Y N Y Y Y N Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

• VA and VFs assessed 
• Driving exposure recorded subjectively using a self assessed questionnaire 
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• General mobility recorded using questionnaire which included information on falls or difficulty walking/climbing stairs 
• Crash risk assessed at MVA field sites 

Results  • In drivers aged 55± with intact vision, age, gender and all tests performed were predictive of future MVC at-fault crash 
• Participants age 78 and older were 2.11 as more likely to be involved in an at-fault MVC after mileage adjustments; those who 

made four or more errors on the MVPT were 2.10 times likely to crash 
• Subjects who took 147 second or longer to complete Trails B were 2.01 times as likely to crash, and those who took 353 ms 

or longer on subtest 2 of the UFOV were 2.02 times likely to incur an at-fault MVC 
• Older adults, men and those with history of falls were more likely to be involved in at-fault MVCs 
• Table G-29 contains mean scores, standard deviation and unadjusted p-values comparing those involved and uninvolved in 

MVCs 
• Number of subjects who passed or failed scored elements of the screening battery found in Table G-30.  
• Subjects who were involved in MVCs performed significantly worse on UFOV (t 1,838) = -2.24, p=.03 and MVPT (t (1,898) = -

2.52, p=.01) (Table G-31 ). 
• In all three multivariate models, mileage was a predictor of more miles experiencing a greater increase of at-fault crashes per 

year 
• MVPT (OR=1.24, P=.03) and UFOV (OR=1.23, p=.04) found to be most useful in predicting at fault crash rates/annually 

Authors’ 
Comments 

“Preliminary results of the follow-up data reveal that these same measures remain predictive of at-fault crash involvement and that 
an additional 10% of older drivers fail the assessment 5 years later (unpublished data).” 

Table G-28. Characteristics of Participants and Nonparticipants 

 

Table G-29. Summary Scores of Performance-Based Physical and Cognitive Measures 

 

Table G-30. Number Who Passed or Failed Categorical Physical Screening Measures 
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Table G-31. Association Between At-Fault Motor Vehicle Collisions and Demographics and Selected Screening 
Tests 
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McGwin G, Xie A, Mays A, Joiner W, DeCarlo D, Hall T, Owsley C. VF Defects and the risk of Motor Vehicle Collisions among Patients with 
Glaucoma. 

1 2 3 4 5 Key Questions 
Addressed   √   
Research Question To evaluate the association between VF defects in the central 24° field and the risk of motor vehicle collisions (MVCs) among a 

individuals with glaucoma and their risk of vehicle crashes 
Study Design Nested Case-Control 

Inclusion Criteria Cases: 
Individuals involved in a police-reported motor vehicle collision (MVC) between January 1994 and June 2000 
Controls: 
Individuals who had not experienced an MVC at the time of selection 

Exclusion Criteria Cases/Controls: 
Exclusions applied to individuals whose primary cause of visual impairment was ocular disorder other than 
glaucoma (e.g., macular degeneration, diabetic retinopathy, or clinically significant cataract for which surgery 
was recommended) 

Study population 
Characteristics 

 
Measurement 
Mean age (y) 
Gender (%) 
Male 
Female 
Mean VA (logMAR) 
Better eye 
Worse eye 

Cases 
73.4 

 
56.9 
43.1 

 
0.24 
0.25 

Controls 
72.3 

 
38.3 
61.7 

 
0.22 
0.21 

Refer to Table G-32 for complete details 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Study subjects were those aged ≥55 who were seen at least once between January 1994 and December 1995 in any of the 3 
university-affiliated ophthalmology and optometry practices specializing in the diagnosis and treatment of glaucoma 
The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 365.1 and 365.2 used to identify 
potentially eligible subjects with glaucoma seen at each of these locations 
Subjects permitted into study if diagnosis of refractive error, dry eye, and early cataract 
Licensure status secured by cross-referencing each subject’s demographic and residential information obtained from the medical 
record with Alabama Department of Public Safety (ADPS) database 
For each case, a matched control, the collision date for the case was used to identify the VF measurement in closest proximity 
before the collision; a single subject was randomly selected among eligible control subjects of a case 
Incidence-density sample used to select controls for at-fault cases from individuals who had not experienced at-fault MVC at time of 
event occurrence 
Advanced Glaucoma Intervention Study (AGIS) score was calculated on automated VFs collected with the 24-2 or 3-2 programs 
Medical records used to obtain information on use of glaucoma medication, best corrected VA in both eyes and VFs in both eyes 
All visits between January 1994 through December 1995 abstracted; visual reports used to calculate VF defect score for each eye 
based on the Advanced Glaucoma Intervention Study (AGIS) scoring system 
Telephone survey used to obtain additional demographic, driving, general health, smoking and alcohol use between February and 
June 2000; demographic information included age, gender and race 
The Short Portable mental Status Questionnaire modified for telephone administration used to assess the cognitive status 
Respondents asked to respond to a general health questionnaire—driving habits questionnaire (DHQ) used to collect information on 
driving exposure defined in terms of estimated weekly mileage; items addressed night driving in fog, rain, alone, during rush hour, 
freeway/highway, with children, in high-density traffic, when passing cars, changing lanes, making left turns in intersection and 
parallel parking—responses were “always”, “often”, “sometimes”, “rarely”, or “never” 
“often” were defined as avoiders; “sometimes”, “rarely”, or “never” defined as non-avoiders 
Information regarding all MVCs that occurred between January 1994 and June 2000 was obtained from the Alabama department of 
Public Safety 
The institutional review board for Human use at UAB approved the study protocol 

Statistical Methods Descriptive statistics were generated for demographic, behavioral, driving and clinical characteristics 
Variables compared between case and control groups using X² and t-test for categorical and continuous various respectively 
Crude and adjusted odds rations (OR) and associated 95% confidence intervals (Cis) for the association between field defects and 
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the risk of MVC involvement were calculated by using generalized estimating equations (GEEs) 
GEEs used for dependence among subjects with multiple cases 
Determination of variables retained as confounders based on the change-in-estimate criteria using 10% value 
To prevent the exclusion of these subjects from the analysis, multiple imputation to create values for missing observations using 
Markov Chain Monte Carlo (MCMC) method 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

N Y Y Y N Y Y Y Y Y Y N Y 
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

• Risk of crash among driving population diagnosed with visual impairments 
• Rate of driving exposure measured subjectively using questionnaire 
• VA measured  

Results  • Subjects representing cases and at fault cases matched for age, race, ever having smoked and various glaucoma 
medications 

• Cases and control similar in cognitive impairment and VA 
• Compared to controls, cases and at-fault cases more likely to be male (p=0.003 and p=0.001, respectively) 
• According to better-eye AGIS score, compared with patients with no VF defect, those with severe defects (scores 12–20) had 

an increased risk of an MVC (odds ratio [OR] 3.2, 95% CI 0.9 –10.4), although the association was not statistically significant.  
• Crude and adjusted OR for MVCs according to AGIS categories for the cases and controls shown in Table G-33. 
• Moderate (6 –11) or minor field defects (1–5) in the better eye were not associated with the risk of involvement in a crash 
• In the worse eye, patients with moderate or severe field defects were at significantly increased risk of an MVC (OR 3.6, 95% 

CI 1.4 –9.4 and OR 4.4, 95% CI 1.6 –12.4, respectively) compared with those with no defects  
• Associations were significant for both moderate and severe defects (OR 4.2, 95% CI 1.2–15.0 and OR 9.0, 95% CI 2.4 –33.2, 

respectively) after adjustments. Refer to Table G-34. 
• Minor field defects in the worse eye did not increase risk of MVC (OR 1.3, 95% CI 0.5–3.4). 

Authors’ 
Comments 

• Demographic, behavioral, driving, and general health characteristics were not available for 40% of the selected cases and 
37% of the selected controls due to incomplete telephone surveys 

• Study limitations include: 
• Collected information in 2000 acquired via telephone conversations—requiring subjects to “recall” events in 1995 
• “the response rate for the telephone survey was not ideal (approximately 61% overall due), yet it did not differ between the 

cases (60%) and controls (63%)” 
• “adjusted analyses were performed excluding patients with imputed data, the overall results were highly consistent with the 

results based on all patients, suggesting that little bias resulted from the imputation process”  
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Table G-32. Demographic, Medical, and Visual Function Characteristics among Glaucoma Patients Involved in 
an MVC (Cases) Versus Those Not (Controls) and Those at Fault for an MVC Versus Control Subjects  

 

Table G-33. Crude and Adjusted OR according to AGIS Score Categories for Cases and Controls 

 

Table G-34. Crude and Adjusted OR by AGIS Score Categories for At-Fault Cases and Controls 

 

45 For internal agency use only, not for distribution 

 



Owsley C, Ball K, McGwin G, Sloane M, Roenker D, White M, Overley T. Visual processing impairment and risk of motor vehicle crash among older 
adults. JAMA 1998; 279: 1083-1088 

1 2 3 4 5 Key Questions 
Addressed       
Research Question 3 year follow-up to determine correlation of visual impairment to crash risk in an older adult population 
Study Design Prospective cohort 

Inclusion Criteria Licensed and current drivers in Jefferson County, Alabama, aged 55+ years in 1990 
Exclusion Criteria  
Study population 
Characteristics 

N    294 
Number of crashes  
during previous 5 years 
  0  33% 
  1-3  49% 
  4+  18% 
Gender M/F    158/136 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Subjects were identified from a total population of 118, 553 licensed drivers. Drivers were matched for crash frequency during 
previous 5 years (0, 1-3, and 4+) and age (55-59, 60-64, 65-69, 70-74, 75-79, 80-84, 85+). Enrollment of 302 subjects was achieved 
by randomly selecting 75 drivers from each possible cell (21). Eight subjects were later excluded; 6 for not currently driving and 2 for 
not completing the protocol. Testing for VF sensitivity was measured with a Humphrey Field Analyzer 120-point screening program 
for the central 60° radius field using the quantify defects option. Each eye was tested individually. VF was compared against a preset 
initialization value of 34dB (central and peripheral) (standard for 50 year old adults with good eye health). Impaired VF sensitivity 
(central and peripheral) was defined as a loss of sensitivity of more than 1 log unit (10 dB). UFOV testing was performed to assess 
visual attention and visual processing speed. During testing, subjects were asked to identify the radial direction of a target (car) 
displayed up to 30° in the periphery while simultaneously identifying 2 targets presenting in their central vision. The VF area that 
information is acquired is estimated as the eccentricity of the peripheral target changes (10°, 20° and 30°). Performance is scaled 
from 1 to 30 and expressed as a function of 3 variables: minimum target duration required to perform the central discrimination task 
(subtest 1); the ability to divide attention between central and peripheral tasks successfully (subtest 2), and the ability to filter out 
distracting stimuli (subtest 3). An impaired UFOV is defined as a 40% reduction or greater with scoring expressed as percent 
reduction (0-90%) of a maximum 30° field size. Driving estimates were obtained by self-report. Crash data from June 1990 to August 
1993 was obtained from the Alabama Department of Public Safety. To calculate person-miles per year, the number of person-years 
was multiplied by the annual number of miles driven that was self-reported. 

Statistical Methods Cox proportional hazards modeling, multivariable proportional hazards model, Walk x2 test, Martingale and deviance residuals 

Study quality 1 2 3 4 5 6 7 8 9 10 11 12 13 Quality assessment 

 N Y Y Y Y N Y Y Y Y Y N Y 

Relevant Outcomes 
Assessed 

Risk of crash due to VF loss 

Results Crash rate 
o In 760.8 person-years of driving and 7,909,240 person-miles of travel, 56 older drivers were involved in at least 1 crash 

during the 3 year follow-up period; 11 experiencing more than one crash. 
o 70% of crashes involved failure to yield right-of-way, failure to stop, and misjudging stopping distance.  
o Drivers involved in a crash 5 years prior to study enrollment were significantly associated with an increased risk of crash 

(RR=2.0; 95% CI, 1.1-3.8) (Table G-35).  
UFOV 

o Older drivers with a 40% or greater reduction in the UFOV were 2.1 times more likely to be involved in a crash during 
the follow-up period compared with those with <40% reduction (Table G-36). 

o A significant linear trend (P=.03) was observed between crash risk and UFOV reduction when analyzed in the model as 
a continuous variable. For every 10 points of UFOV reduction, a 16% increase in crash risk was demonstrated by older 
drivers. 

o In a further analyses of UFOV components, impairment in the divided attention task was associated with a 2.3-fold (95% 
CI, 1.2-4.4; p=.01) increased risk of crash involvement.  

Authors’ 
Comments 

Older drivers with >40% reduction in the UFOV were twice as likely to incur a crash during the 3 year follow-up period. A 10 point 
reduction in the UFOV correlated with a 16% increase in crash risk for this study population. 

46 For internal agency use only, not for distribution 

 



Table G-35: Crash Rates, Relative Risk and Confidence Intervals for 294 Drivers 

 
Table G-36: Correlation of UFOV and Crash Rates 
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Owsley C, Ball K, Sloane M, Roenker D, and Bruni J. Visual/cognitive correlates of vehicle accidents in older drivers. Psychology and Aging 1991; 6: 
403-415 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Assess correlation of UFOV and risk of crash 
Study Design Retrospective cohort 

Inclusion Criteria Licensed individuals who drove at least 1,000 mi/year recruited from the Primary Care Clinic of the School 
of Optometry at the University of Alabama at Birmingham; living independently in the community 

Exclusion Criteria  
Study population 
Characteristics 

N  53 
Age (yrs) mean 70 
Age (yrs) range 57-83 
Gender M/F  26/27 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods VF sensitivity 
o VF loss was measured separately in each eye with the Humphrey VF Analyzer 
o Measurements included the depth or degree of sensitivity loss at 120 locations in the VF 

UFOV 
o Tests were undertaken to assess mechanisms typically responsible for restricting UFOV – slowing of information 

processing, impaired ability to divide attention and impaired ability to ignore visual distracters 
o Subtest 1: subjects performed a central task only (subjects indicated items contained in a 2 lane road were 

similar or different). Failure for Subtest 1 is defined as an inability to make the same-difference judgment 
correctly 75% of the time within 250 ms. 

o Subtest 2: concurrent testing on central (described above) and peripheral tasks (On a 60˚x60˚ screen, spot 
a target which appears unpredictably at one of 24 different locations and is sometimes embedded in 47 
distractor stimuli). Test time for Subtest 2 is compared to test time for Subtest 1. Failure for Subtest 2 and 
Subtest 3 was defined by the inability to perform the central task and concurrently localize the peripheral 
target beyond the minimum field size of 5˚ at 250 ms. 

o Subtest 3: concurrent testing on central and peripheral tasks but with distracters in the field. Test 
performance was compared with results for Subtest 2. 

o After test completion, individuals were grouped into 2 groups (those failing all 3 subtests vs remaining subjects) 
o UFOV testing has good test-retest reliability (r=.93-.97) in older adults 

Driving Habits Questionnaire 
o Individuals were asked to self-report crash during prior 5-year period prior to UFOV testing 

State agency data 
o Alabama Dept of Public Safety provided information on total number of vehicle crashes for prior 5 years 

Statistical Methods Pearson correlation coefficients 

Study quality 1 2 3 4 5 6 7 8 9 10 Quality assessment 

 S S Y N N Y Y Y Y Y 

Relevant Outcomes 
Assessed 

UFOV testing as a predictor of crash 

Results o Driving data obtained from the Alabama Dept of Public Safety was solely used as self-report data was unreliable upon 
comparison 

o Pearson correlation coefficients for all variables are shown in Table G-37. Results demonstrated a significant 
relationship between UFOV and state-recorded accidents (r=.36, p<.05). 

o Interrelationships between study variables are shown in Figure G-20. There were significant zero-order correlations 
between UFOV and crash frequency (r=.36, p<.004). 

o Analysis was undertaken to compare subjects who passed the UFOV test (n=27) with those who failed (n=26). Subjects 
who failed UFOV testing experienced 4.2 times more crashes on average than those individuals who passed.  

o UFOV was a better predictor of intersection crashes than overall crashes (rs=.46). UFOV test failures (n=26) were 
responsible for all but one of the intersection crashes and experienced 15.6 times more intersection crashes on average 
than those who passed. Based on UFOV testing, prediction of crash for 11 individuals was accurate. There were 
however 14 individuals that were predicted to have a crash but did not. These “false alarms” may be attributed to 
individuals who may restrict their driving thus reducing risk of crash.  
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Authors’ 
Comments 

UFOV was the best predictor of crash in this study model. Subjects who failed UFOV testing were 3-4 times more likely to incur a 
crash and 15 times more likely to be involved in intersection crashes.  

Table G-37: Pearson Correlation Coefficients for VF and UFOV 

 
Figure G-20: Relationship between UFOV and Crash 

 
Interrelationship among variables at different levels of analysis. 
(*p<.05, **p<.01, ***p<.001. UFOV 
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Johnson C, Keltner J. Incidence of VF Loss in 20,000 Eyes and Its Relationship to Driving Performance. Arch Ophthalmol 1983; Vol 101: 371-5. 
1 2 3 4 5 Key Questions 

Addressed   √   
Research Question To examine the relationship between the status of peripheral vision and driving performance by comparing the vision test results 

with crash and conviction record for three year prior. 
Study Design Case-Control 

Inclusion Criteria Cases: 
Subjects were volunteers from driver’s license applicants at the Department of Motor Vehicles (DMV) in El 
Cerrito and Redwood City, California 
Controls: 
NR 

Exclusion Criteria Cases/Controls: 
NR 

Study population 
Characteristics 

Refer to Figure G-23 for further details 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods • Total of 10K persons participated in study; subjects asked to complete visual screening (Figure G-21) and asked to complete 
a answer questionnaire including the following: 

Name, address, city and state, telephone number, driver’s license number, age, yearly miles driven, genders, years since last eye 
exam, contact lens or glass prescription, glaucoma history, family history, VA, asked if problems discovered would subject prefer to 
be notified 
Answers to questions entered into video terminal and transferred to cassette tape storage unit 
Average testing time was 54 seconds per eye with an additional average of 1 min 57 seconds for additional time needed to enter 
responses to questions 
Data transferred to floppy disk and analyzed by computer; software separated VF algorithms 
Judgments of normal or abnormal VFs were based on previously developed criteria for defining VF defects 
Additional analysis performed to determine whether VF loss was severe for abnormal readings 

Statistical Methods NR 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Study quality 
Y Y Y N Y Y Y Y Y Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Moderate 
             

Relevant Outcomes 
Assessed 

Rate of driving exposure reported by subjects 
VA measured for each subject entered into study 

• Results  • Results analyzed for 17,534 of 20,000 eyes undergoing the VF screening test 
• Table G-38 presents frequency of VF loss for the entire population tested 
• Effects of age on the frequency of abnormal fields shown in Figure G-22 
• Differences between two DMV testing sites were less than 0.3% for each value 
• Approximately 13% of all persons over 65 years exhibited visual defects; age distributions for the population presented in 

Figure G-23 
• The relationship between categories presented in Table G-39 and VF loss is shown in Table G-40; almost 35% of persons 

reporting that they had glaucoma had VF defects 
• VF loss was greater than the general population incidence for the categories of family history of glaucoma (5.6%), eye 

problems (18.5%), and decreased VA (31.2%) 
• For comparison, accident and conviction records obtained for age and gender matched control groups of persons with normal 

VFs in both eyes Figure G-24 
• Comparison of crash and conviction rates for persons with VF loss in one eye (v) their age and gender-matched control 

groups indicates that there are only minor differences; Results of x² tests of the frequencies of accidents and conviction for the 
two groups were not statistically significant (X²=1.193, df=1, p>.2 for crashes; X²=1.244, df=1, p>.2 for convictions) 

• Statistical differences found in crash versus conviction rates (X²=8.25, df=1, p<.005 for crashes; X²=15.25 df=1, p<.001 for 
convictions 

Authors’ “Our results indicate that subjects with VF loss in both eyes exhibited a traffic accident and conviction rate that was more than twice 
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Comments as high as that of age and sex matched control subjects with normal VFs.” 

Table G-38. Frequency of VF Loss 

 

Table G-39. Frequency of Eye Problems 

 

Table G-40. Incidence of VF Loss for Subject Populations  

 

Figure G-21. Distribution of 78 target locations used to perform mass VF screening 

 

Figure G-22. Frequency distribution of incidence of abnormal/severely abnormal VFs as function of age 
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Figure G-23. Distribution of ages of participants 

 

Figure G-24. Average traffic accident and conviction rates (per 160,000) during three-year period prior to VF 
screening for persons with binocular (top) and monocular (bottom), VF loss, as well as their age-and sex 
matched control groups 
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Fishman G, Anderson R, Stinson L, Haque A. Driving performance of retinitis pigmentosa patients. Br J Ophthalmol 1981; 65: 122-126 
1 2 3 4 5 Key Questions 

Addressed       
Research Question Assess frequency of crash between patients with retinitis pigmentosa (RP) versus controls without ocular disease 
Study Design Case control 

Inclusion Criteria Individuals from a clinic population with characteristic RP disease including abnormal rod and cone function 
by electroretinography, peripheral field loss, bone spicule pigmentation, attenuated retinal vessels and 
some degree of night blindness. Controls had no ophthalmic or general defects and were either family 
members of RP patients, family members with patients with other ocular disease seen by study 
investigators, relatives of patients being seen in the general eye clinic, or clerical staff of the ophthalmology 
department.  

Exclusion Criteria Individuals with a VA of less than 20/100 in the best corrected eye and those who were aphakic 
Study population 
Characteristics 

Variable   Cases  Controls 
n   42  87   
Age: (yrs.) mean ±SD  38  37 
Gender M/F  (%)  52% M  44% M 
Mean years driving experience 17.4  17.2 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Visual assessments of best corrected VA and peripheral field exam with a Goldmann perimeter were undertaken by all study 
participants. VA exams were converted into central visual efficiency by use of the Lebensohn near-vision chart and data for central 
field efficiency (Table G-41). Conversions of peripheral field exams into field efficiency were also completed. Total horizontal 
meridian field diameters for 42 RP patients are shown in Table G-42. Driving histories obtained included driving hours/week and 
crash involvement over past 5 years. 31 RP patients stated they had restricted themselves to daytime driving.  

Statistical Methods Mantel-Haenszel statistic 

Study quality 1 2 3 4 5 6 7 8 9 10 Quality assessment 

 S S Y N Y Y Y Y Y Y 
Relevant Outcomes 
Assessed 

Frequency of crash 

Results Crash rate for RP patients during a 5 year period demonstrated no involvement by 50% of RP patients and 71% of controls Table 
G-43). After controlling for hours per week spent driving, driving years, and gender, a significant difference between the 2 groups 
existed for females and for those driving the least number of years (p<0.05) (Table G-44). In the control group, males caused a 
significantly greater number of crash (42% vs 18%, p=0.02), however in the RP group, 55% of females had one or more crashes. 
Comparison of peripheral and central VF efficiency and crash showed no relationship (Figure G-25) (Figure G-26). Additional 
analysis comparing RP patients and controls with the Mantel-Haenszel statistic is shown in (Table G-45). A statistically significant 
difference in number of crashes only existed comparing females driving 1-10 hours/week and from 5 – 10 years. RP females were 
involved in more crashes than the control female subjects. 

Authors’ 
Comments 

RP patients demonstrated an increased rate of crash versus controls however this difference was mostly attributable to a population 
of females with driving histories of 5-10 years.  

Table G-41: Conversion of VA to Visual Efficiency 
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Table G-42: Total Horizontal Meridian Degrees for Peripheral VF 

 
Data for 42 patients with retinitis pigmentosa 

Table G-43: Accident Records of RP Patients versus Controls (5 year period) 
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Table G-44: Statistical Differences in Number of Crashes (RP vs Controls) 

 
* Comparisons are made for each category of driving hours/week, years driving, and gender 

Figure G-25: Correlation of Driving Records with Peripheral VF Efficiency (RP patients) 

 
Driving records are correlated with peripheral VF efficiency (average of 2 eyes) in 42 patients with retinitis pigmentosa.  
Black circles (●) indicate 1 to 10 driving hours per week; open circles (○) 10 to 15 hours per week; triangles (∆) 15 to 20 hours per week; and 
squares (□) more than 20 hours per week. 

55 For internal agency use only, not for distribution 

 



Figure G-26: Correlation of Driving Records with Central Visual Efficiency 

 
Driving records are correlated with central visual efficiency (average of 2 eyes) In 42 patients with Retinitis pigmentosa. Black circles (●) indicate 1 to 
10 driving hours per week; open circles (○) 10 to 15 hours per week; triangles (∆)15 to 20 hours per week; and squares (□) more than 20 hours per 
week. 

Table G-45: Mantel-Haenszel statistics comparing Number of Crash 

 
* Data were analyzed by the Mantel-Haenszel statistic, X2 (MH), which tests for the existence of an association between 2 variables (case/control 
status and number of crashes) while controlling for the effects of 1 or more confounding variables (i.e., years driving, gender, gender by years 
driving). 
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Hills B, Burg A. A reanalysis of California driver vision data: general findings. Transport and Road Research Laboratory Report 1977; 768: 1-19 
1 2 3 4 5 Key Questions 

Addressed       
Research Question Correlation of visual variables as predictors of crash  
Study Design Prospective cohort 

Inclusion Criteria Drivers with valid mileage estimates, valid three year driving records, age and gender data 
Exclusion Criteria Drivers with average annual mileage of 999 miles or less  
Study population 
Characteristics 

N    14,283 
Age (years/mean)   41.5 
Annual average mileage (mean)  13,865 
Gender M/F    63%/37% 
Total VF (mean)  170.7˚ 
All Crashes/100,000 Vehicle Miles (VM) 1.09 
DMV Crashes/100,000 VM  0.89 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Age categories administered were (1) under 25, (2) 25-39, (3) 40-54, and (4) over 54. DMV Crash Rate was selected to demonstrate 
study results as it was the one crash criterion which complete data was available for all drivers tested. 

Statistical Methods Pearson Product-Moment coefficients, t-test 
Study quality 1 2 3 4 5 6 7 8 9 10 Quality assessment 
 S S Y N Y Y Y Y Y Y 

Relevant Outcomes 
Assessed 

VF as a predictor for crash 

Results Under 25, 25-39 and 40-54 Age Group 
o No significant relationship between crash rate and total VF was demonstrated (Table G-46). 

Over 54 Age Group 
o No evidence of a trend for progressive increase in crash with reduction in total VF.  
o Significant correlation coefficients may be due to drivers with total VF of 175˚ or better having rather lower crash rates 

than the remaining age groups (Table G-47). 
o Mean crash rate with very good VFs were no higher than those of the 40-54 age group.  
o No evidence was found for recommending a vision field standard of 140˚. 
o 14 male drivers (0.5% of age group) with total VFs less than 95˚ had average All Crash and Of-Interest Crash Rates that 

were approximately twice the rest of the group. Differences between groups were not statistically significant using a t-
test. 

o Significant t-statistics were obtained for both genders for a pass score of 170˚. Holding this pass score as a vision 
standard however would place 80% of the age group in the “fail” category. At lower “pass scores”, the Relative Accident 
Rates are close and the t-statistics become non-significant. 

Authors’ 
Comments 

VF is a weak predictor for crash in this study of 14,000 drivers at any age group.  
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Table G-46: DMV Crash Rate as a Function of Total VF 
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Table G-47: Total VF: Effects of Varying the "Pass Score" for 54+ Age Group 

 
Pass- vision test scores better than or equal to a “pass” score 
Fail – test scores less than the “pass” score 
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Council F, Allen J. A study of the VFs of North Carolina drivers and their relationship to accidents. Highway Safety Research Center, University of 
North Carolina 1974; i-17 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Assess relationship of VF and crash risk 
Study Design Retrospective cohort 

Inclusion Criteria North Carolina residents recruited at driver licensing stations during December 1972.  
Exclusion Criteria  
Study population 
Characteristics 

N  44,999 (UFOV testing) 
N  37,372 (crash data) 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Driver license examiners performed 52, 397 tests of applicants. Individuals were instructed to fixate on a target that moved 
horizontally along a circular path and indicate at what point the target could still be viewed at his/her side. Eyes were tested 
individually and a total VF was derived from test scores. VFs for subjects were grouped by 10° ranges. 
Crash data was obtained for the period Jan 1, 1971-Dec 31, 1972 from the North Carolina Crash File.  

Statistical Methods Kolomogorov-Smirnov test 
Study quality 1 2 3 4 5 6 7 8 9 10 Quality assessment 
 Y Y Y N N Y Y Y Y Y 

Relevant Outcomes 
Assessed 

Total VF and crash rate 

Results Total VF 
o Only 2 of 44,834 (.0044%) subjects have severely limited VF (≤50°); .0848% of subjects has total VFs ≤90° and 

0.928% had VFs ≤120° (Table G-48). 
o <5% had VFs ≤140° standard criterion and 75% of subjects had fields >160° 

Crash Involvement 
o Crash data is shown in Table G-49. 
o The Kolomogorov-Smirnov test was conducted to compare the difference between VFs of crash and crash-free 

subjects. Analysis showed that the two groups were different (p<.001) but surprisingly demonstrated that the crash-
involved drivers had slightly larger fields than drivers who had not incurred crashes. There is no indication however 
those drivers with limited VFs incurred more crash.  

o Additional analysis utilizing the Kolomogorov-Smirnov test was completed for VFs and crash by age group (Table G-50, 
Table G-51, Table G-52, Table G-53, and Table G-54). Only age group demonstrating significance at the <.01 level 
involved the 41-60 yr old drivers, Table G-52. Again, crash-free drivers demonstrated more limited VFs than crash-
involved drivers. 

o Analysis of mean number of crash/driver by VF is shown in Table G-55.  
o Significance was found for ≤25 age group, with the mean number of crash/driver for drivers with VF <120° is 

significantly less than the mean crash/driver for the normal group (p<.01). No significant findings were 
demonstrated for any other “limited” fields of vision for this age group. 

o For the oldest age group, ≥71 yrs, the number of crash/driver is > for drivers with fields of vision ≤140° than for 
the normal group (p<.10). No significant findings were again demonstrated for any other “limited” fields of vision 
for this age group. 

Authors’ 
Comments 

No strong relationship was demonstrated between VF and crash for 35,000+ subjects for any age group.  
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Table G-48: Total VF for 44,834 Subjects 

 
Table G-49: Crash Involvement by 10 Degree Total VF Range 

 
Accident-free subjects can be established by subtracting the frequencies of crash-involved subjects (column 4) from the total number of subjects 
(column 1). 
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Table G-50: Crash and Total VF Range <26 Yrs of Age 

 

Table G-51: Crash and Total VF Range 26-40 Yrs of Age 

 
Table G-52: Crash and Total VF Range 41-60 Yrs of Age 
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Table G-53: Crash and Total VF Range for 61-70 Yrs of Age 
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Table G-54: Crash and Total VF Range 70+ Yrs of Age 

 
Table G-55: Frequency of Crash and Mean and Variance of Crash/Driver by Visual vs Normal Field  
of Vision 
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Burg A. Vision and driving: a report on research. Human Factors 1971; 13 (1): 79-87 
1 2 3 4 5 Key Questions 

Addressed       
Research Question Strength of visual variables to predict risk of crash over a 3 year and 6 year period 

Study Design Prospective cohort 
Inclusion Criteria Volunteers recruited from 46 DMV field offices in California  
Exclusion Criteria  
Study population 
Characteristics 

November 1962-April 1966 (3 year study) 
  Cases   
N  14,000 drivers  
Age range  16-92 years 
Gender M/F  62.7%/37.3% 
November 1962-March 1968 (6 year study) 
N  7,841 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods  Information on crashes incurred and convictions for traffic citations were obtained for a 36-month period from the DMV for both 
cases and controls. Lateral VF (extent of an individual’s side vision when looking straight ahead) was measured by an American 
Optical Company Screening Perimeter. Age, gender and average annual mileage were controlled for. 

Statistical Methods Multiple regression analysis and extensive product-moment correlational analyses 
Study quality 1 2 3 4 5 6 7 8 9 10 Quality assessment 
 S S Y N Y Y Y Y Y Y 

Relevant Outcomes 
Assessed 

Contribution of VF as a predictor for crash 

Results 3 year record data 
o Driving record data is listed in Table G-56. 
o Results for multiple regression analyses by gender are shown in Table G-57. Results allow assessment of each 

significant independent variable to predict the dependent variable. As shown, total lateral VF is a limited contributor to 
prediction with binocular dynamic acuity and binocular static acuity being the strongest contributors. 

6 year record data 
o Total VF was a significant contributor to predicting crash (Table G-58) especially for males.  

Authors’ 
Comments 

VF was a stronger contributor to predicting crash for males in an analysis of 6 year data but showed limited contribution in predicting 
crash for a 3 year period.  
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Table G-56: 3 Year Driving Data by Age and Gender 

 
Table G-57: Multiple Regression Analyses 
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Table G-58: Correlation of Independent Variables to Predict Crash 
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McGwin G, Owsley C, Ball K. Identifying crash involvement among older drivers: agreement between self-report and state records. Accid. Anal. Ad 
Prev., 1998; Vol 30 No 6: 781-91. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To estimate the level of agreement between self-reported and state-recorded crashes among sample population 

To evaluate whether the prevalence of visual and cognitive impairment differs across three groups of older crash-involved drivers 
To assess if risk factors for crash involvement differed when crash-involved drivers were identified by either self-report or state 
records 

Study Design Cohort 
Inclusion Criteria Cases: 

All licensed drivers in Jefferson county, Alabama age 55 years and older 
Exclusion Criteria  NR 
Study population 
Characteristics 

Refer to Table G-59 for complete details    

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods 75 drivers randomly selected from each cell after Jefferson county drivers sorted into 21 cells to represent 3 crash categories 
Enrollment ended when 302 subjects were successfully recruited; 16 additional subjects who did not provide information on self-
reported crashes excluded; final sample consisted of 278 older drivers 
33% of the overall sample had 0 crashes on record, 49% had 1-3 crashes and 18% had more than 4 over a 5 year period; subjects 
were classified as having 0 or 1 or more state-recorded crashes 
Written informed consent obtained after process explained; protocol completed in single visit to clinic in 1990 which consisted of: 
Visual sensory function assessments 
Visual attention/processing speed 
Eye health 
Questionnaire about driving exposure 
Cognitive function 
Review of demographics and health information 
All vision tests performed under photopic conditions (100 cd/m²) 
Letter acuity measured using ETDRS chart and expressed as log minimum angle resolvable (logMAR) 
Impaired acuity defined as worse than 20/40 acuity—the legal limit for most states 
Contrast sensitivity measured using Pelli-Robson chart—impaired contrast sensitivity defined as score of 1.5 or worse 
Stereoacuity was measured using the TNO test and expressed as arcseconds—impaired stereoacuity defined as 500 arcseconds or 
worse 
Disability glare measured with MCT-8000 (VisTech) and defined as the difference in letter acuity (logMAR) 
VF sensitivity measured with Humphrey Field Analyzer’s 120-point screening program for the central 60° radius field using the 
quantify defects option 
All test administered binocularly except VF tests in which each eye was tested separately 
The UFOV defined as the VF area over which one can use rapidly presented visual information 
All subjects received comprehensive eye exams by an ophthalmologist and mental status was evaluated by the Mattis Organic 
Mental Syndrome Screening Examination (MOMSSE) designed to assess cognitive functioning 
Questionnaires completed by subjects to estimate driving or “on the road” exposure 
• Refer to Figure G-27 for Self report and state recorded crash involvement 
Two comparisons made to determine prevalence of visual and cognitive impairment across three groups: 
Compared drivers with crashes that were self-reported but not state-recorded to drivers with both self-reported and state recorded 
crashes 
Compared those drivers with crashes that were not self-reported but state recorded to drivers with both self-reported and state-
recorded crashes 

Statistical Methods Kappa coefficient calculated for agreements between both groups  
t-tests used to measure differences in visual and cognitive groups for continuous variables 
Fisher’s exact test used when expected cell counts of contingency table were less than 5 
Logistic regression used to calculate odds ratios (OR) and 95% confidence intervals (Cis) for the association between self-reported 
crashes and state recorded crashes and measures of visual and cognitive impairment 

1 2 3 4 5 6 7 8 9 10 11 12 13 Quality assessment 
Study quality 

N Y Y Y N Y Y Y Y Y Y N Y 
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14 15 16 17 18 19 20 21 22 23 24 25  
Moderate 

             
Relevant Outcomes 
Assessed 

• Crash risk measured for vision impairment 
• VF assessed  
• Driving exposure calculated 

Results  • Table G-59, Table G-60, and Table G-61 compare the demographic, driving, health, visual and cognitive characteristics for 
study participants according to self-reported and state recorded crash involvement. 

• Proportion of subjects driving <10,000 miles per year was significantly greater among those with self-report only 85.7% and 
with state-recorded (76.2%) than those with both (57.7%) 

• Drivers involved in state-recorded crashes were significantly more likely to have impaired contrast sensitivity (25%) compared 
to self-reported and state-recorded (11.7%). See Table G-60. 

• To determine whether differences in the prevalence of visual and cognitive impairment had an impact on measures of 
association, ORs and 95% CIs calculated for association between prevalence and visual and cognitive impairment and self-
reported and state-recorded crash involvement 

• OR for UFOV was larger than that obtained using self-report (13.7 vs. 3.4). See Table G-62. 
Authors’ 
Comments 

“While validation of these findings is required, research designed to identify risk factors for crash involvement among older drivers 
should carefully consider the issue of case definition, particularly if self-report is used to identify crash-involved older drivers.” 
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Table G-59. Demographic, driving and health characteristics of drivers by self-reported/state-recorded crash 

 
Table G-60. Prevalence of visual processing impairment of drivers by self-reported/state-recorded crash  
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Table G-61. Prevalence of visual processing impairment of drivers by self-reported/state-recorded crash  

 
 

Table G-62. Prevalence of eye conditions of drivers by self-reported and state-recorded crash involvement 

 

Figure G-27. Drivers cross-classified by self-reported and state-recorded crash involvement 
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Szlyk J, Fishman G, Severing K, Alexander K, Viana M. Evaluation of Driving Performance in Patients with Juvenile MFacular Dystrophies. Arch 
Ophthalmol 1993; Vol 111: 207-12. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To measure driving performance of subjects with losses of central vision due to hereditary macular dystrophy of juvenile onset and 

compare the driving performance of group of patients with central vision loss with that of previously studied group of patients with 
RP to investigate the relative roles of central vs. peripheral vision loss in driving 

Study Design Case-Control 
Inclusion Criteria Cases: 

Individuals with the clinical diagnosis of Stargart disease or cone-rod dystrophy  
Subjects who regularly drove a minimum of 1600km/y for the period that data analyzed and who had a best 
corrected Snellen VA of 20/40 to 20/70 in at least one eye 
Controls: 
Individuals with normal VA ranging from 20/10 to 20/20 and no eye disease or VF loss  

Exclusion Criteria Cases: 
Individuals with glaucoma or greater than mild cataract 
Controls: 
NR 

Study population 
Characteristics Refer to Table G-63 for complete details    

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Both groups held unrestricted driver’s licenses at the time of testing 
Findings of subjects with central vision loss and control subjects obtained in the present study were compared with the data on 
driving performance of 21 subjects with RP from previous study 
Monocular VFs measured with Goldmann perimeter; binocular field maps were produced by merging the monocular fields of each 
patient by the method described by Arditi 
• See Figure G-28 for illustration of binocular fields for Stargardt subjects and cone-rod dystrophy; area of binocular scotoma 

calculated and each field measured twice, and the values were averaged 
• All subjects underwent testing on an interactive driving simulator that has been previously described; See Figure G-29 for 

picture of simulator 
Testing performed with room lights off and subjects instructed to operate the simulator as they would normally drive a car 
15 minutes permitted for course practice; data collected for subject’s responses during a 5 minute session of drive the test course 
Simulator indexed analyzed were: 
Mean speed 
Deviation in lane position 
Number of lane boundary crossing 
Brake pedal pressure 
Braking response time to stop sign 
Braking response time to traffic 
Subjects able to monitor speed using: 
Speedometer on central monitor 
Flow fields created by passing landscapes 
Turning resistance on the steering wheel 
Alterations in engine sound with changing speeds 
Collisions recorded on the simulator as crashes; there were 6 staged challenges on the simulator course requiring 
visuocognitive/motor skills to avoid a crash 
• All subjects asked to respond to “true” or “false” questions used to assess risk taking perception (Table G-64) 
Information about crashed within the past 5 years analyzed from state records and subjective questionnaire 
Self-reported crashes categorized as daytime or nighttime based on information provided; descriptions included date and time of 
day and weather and road conditions 

Statistical Methods Bayesian methods for comparing binomial probabilities used to test proportions of hypothesis 
Spearman correlation used to measure correlations 
Logistic regression analysis was performed to develop predictive model of crash involving simulator 

Quality assessment Study quality 1 2 3 4 5 6 7 8 9 10 11 12 13 
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S S Y N N N Y Y Y Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Moderate 
             

Relevant Outcomes 
Assessed 

• Crash risk assessed using subjective questionnaire and state records 
• Brake response time assessed 
• Vision assess to determine crash risk 
• Driving exposure included  

Results  • Refer to Table G-65 and Table G-66 for the proportion of subjects in each of the crash groups with regard to self-reported 
crashes for both central vision loss group (Spearman’s r [8]=.67, p<.05) and the control group (Spearman’s r[17]=.52, p<.05) 

• Visual function measures and simulator indexes did not predict crash involvement for the central visual loss group, although 
these subjects showed longer braking response times and a greater number of lane boundary crossings than the control 
group 

• A Bayesian analysis of the PPs does not provide evidence to support or reject the hypothesis that there is a difference in the 
proportions (PP=.57) 

• Refer to Table G-67 for information pertaining to analyzed day and night crashes  
• Only one subject with central vision loss and no controls had a simulator crash during the 5 minute test period 
• VA was not correlated significantly with crash involvement (spearman’s r[19]=-/35; p, not significant); neither was horizontal 

extent of central scotoma (Spearman’s r[19]=.10; p, not significant; nor binocular area of central scotoma (spearman’s r[19]=-
.22) 

• The portion of individuals who had at least one lane boundary crossing was significantly greater for both the central vision loss 
group (40%) and the RP group than for the control group (21%) 

• Refer to Table G-68 for brake response times to stop signs and traffic lights--Planned comparisons show central vision loss 
group (mean ± SD, 6.67±1.04 seconds) and the RP group 6.82±1.04 seconds) were not significantly different on this index 
(p=.76) and RP (p<.02) groups had significantly longer breaking response times than the control group (5.93±1.19 seconds) 

• Significant main effect for diagnostic group (central vision loss, RP, or control) (F[2,66]= 8.96, P<.001) in an analysis of 
variance using subjective risk analysis scores as the dependent variable; see Table G-69 for further details 

Authors’ 
Comments 

“The accident data from the state records were somewhat limited for two reasons. First, we were not able to obtain data from all 
subjects, either because a number of our subjects did not have Illinois licenses (seven subjects with central vision loss, eight 
controls, and five subjects with RP) or because they chose not to allow us access to their record (three subjects with central vision 
loss, three controls, and four subjects with RP). Second, the state reports did not include all accident involvement but only those 
accidents in which the police were called to the scene and a report was filed.” 

Table G-63. Characteristics of Patients With Central Vision Loss 
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Table G-64. Risk-Taking Questionnaire 

 

Table G-65. Self Reported Accidents 

 

Table G-66. State-Recorded Accidents 

 

Table G-67. Daytime vs. Nighttime Accidents 

 

Table G-68. Logistic Regression Analyses 
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Table G-69. Analyses of Responses to Questionnaire on Driving Habits 

 

Figure G-28. Representative binocular VF profiles of two subjects with central VF loss due of Stargardt 
disease (left) and cone-rod dystrophy (right), measured with a Goldmann II-2-e target 

 

Figure G-29. Left, The configuration of the driving simulator, illustrating the subject’s location and the video 
display. Right. A representative scene on the simulator’s central monitor, showing a traffic light regulating 
cars merging onto the roadway from the right and lane boundary markers.  
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Owsley C, McGwin G, Ball K. Vision impairment, eye disease, and injurious motor vehicle crashes in the elderly. Ophthalmic Epidemiology 1998; 
Vol 5 No 2: 101-113. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To identify visual risk factors for vehicle crashes by elderly drivers which result in injury 
Study Design Case-Control (Single-blinded) 

Inclusion Criteria Cases/ Controls: 
Subjects identified through Alabama Department of Public Safety (ADPS) files and living in Jefferson County, 
Alabama 

Exclusion Criteria  NR 
Study population 
Characteristics 

Refer to Table G- 70 for complete details    

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods 75 drivers randomly selected from each cell after Jefferson county drivers sorted into 21 cells to represent 3 crash categories 
Enrollment ended when 302 subjects were successfully recruited; 16 additional subjects who did not provide information on self-
reported crashes excluded; final sample consisted of 294 older drivers 
• Cases were defined as those drivers who had incurred at least one vehicle crash between 1985 and 1990 resulting in an 

injury to anyone in the involved vehicles according to the accident report. 
• Controls defined as older drivers not involved in crashes during the same five-year period. 
• Subjects underwent a battery of visual processing tests and a comprehensive eye examination 
Written informed consent obtained after process explained; protocol completed in single visit to clinic in 1990 which consisted of: 
Visual sensory function assessments 
Visual attention/processing speed 
Eye health 
Questionnaire about driving exposure 
Cognitive function 
All vision tests performed under photopic conditions (100 cd/m²) 
Letter acuity measured using ETDRS chart and expressed as log minimum angle resolvable (logMAR) 
Impaired acuity defined as worse than 20/40 acuity 
Contrast sensitivity measured using Pelli-Robson chart—impaired contrast sensitivity defined as score of 1.5 or worse 
Stereoacuity was measured using the TNO test and expressed as arcseconds—impaired stereoacuity defined as 500 arcseconds or 
worse 
Disability glare measured with MCT-8000 (VisTech) and defined as the difference in letter acuity (logMAR) 
VF sensitivity measured with Humphrey Field Analyzer’s 120-point screening program for the central 60° radius field using the 
quantify defects option 
• Impaired VF sensitivity (for both the central and peripheral VFs) was defined as a loss of sensitivity of more than 1 log unit 

(10dB) 
The UFOV defined as the VF area over which one can use rapidly presented visual information 
All subjects received comprehensive eye exams by an ophthalmologist and mental status was evaluated by the Mattis Organic 
Mental Syndrome Screening Examination (MOMSSE) designed to assess cognitive functioning in the elderly 
Examiners and interviewers were not aware of the crash histories of all subjects 

Statistical Methods • Estimated odds ratios (ORs) and 95% confidence intervals (CIs) for associations between injurious and noninjurious motor 
vehicle crash involvement and visual impairment using logistic regression 

• ORs and 95% CIs calculated separately for each case group as compared to the single group of controls. 
• All variables that had significant associations (¤ = 0.10) at the univariate level were included in a multivariable logistic 

regression model 
• Variables individually removed from the model, and likelihood ratio tests (LRTs) performed to determine which variables had 

significant independent associations with crash involvement 
• Linear trend test performed by entering a continuous variable into the logistic regression models and assessing the 

significance of the term using the Wald chi-square test. 
• SAS software used to conduct statistical analyses 
• All significance tests were conducted at the ¤=0.05 level (two-tailed). 

Quality assessment Study quality 1 2 3 4 5 6 7 8 9 10 11 12 13 
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N Y Y Y Y N Y Y Y Y Y N Y 
14 15 16 17 18 19 20 21 22 23 24 25  

Moderate 
             

Relevant Outcomes 
Assessed 

Visual impairment including VF assessed to measure crash risk 

Results  • For injurious crashes, the odds ratio for having one or more chronic diseases was 2.2 (95% CI 1.1-4.5); OR was similarly 
elevated for the noninjurious crash group (OR=2.7; 95% CI 1.5-4.9)  

• Table G-71 shows the univariate results for visual processing variables 
• For the injurious crash case group, the OR for impaired stereoacuity (≥ 500 arcseconds) was 2.2 (95% CI 1.0-3.3). 

Impairment in central VF sensitivity (defect depth > 10 dB) was associated with 2.6-times (95% CI 1.1-6.3) the risk of injurious 
crash involvement; noninjurious Cases had an elevated, non-significant association was observed for impaired central VF 
sensitivity (OR=1.8; 95% CI 0.8-2.2). 

• Injurious and non-injurious crash cases were 2.4-times (95% CI 1.3- 4.5) and 1.8-times (95% CI 1.0-3.1) more likely to have 
defect depths greater than 10 dB as compared to controls, respectively; injurious crash cases, ORs for reductions in the 
UFOV of 23-40%, 41-60% and >60% were 5.3 (95% CI, 1.9-14.0), 16.3 (95% CI, 5.8-46.0), and 22.0 (95% CI, 7.0-69.0), 
respectively, compared to reductions of less than 23% (p for trend <0.001). 

• Table G-72 displays univariate analyses for common eye conditions in elderly 
• UFOV reductions of 22.5-40%, 41-60% and >60% associated with 5.2-, 16.5-, and 21.5-fold increased risk of injurious crash, 

respectively (p for trend <0.01), compared to those with reductions of <22.5%; Subjects involved in non-injurious crashes 
were 2.3-, 4.6-, and 7.1-times more likely to have UFOV impairments of 22.5-40%, 41.0-60.0%, and >60.0%, respectively, 
compared to controls (p for trend <0.001). (see Table G-73) 

Authors’ 
Comments 

“In addition to the incorporation of visual processing tests with high face validity to the driving task, another strength of this study is 
its reliance on accident reports provided by the state for defining the outcome of interest, injurious crash involvement.” 

Table G- 70 Demographic, driving, and health characteristics of drivers  
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Table G-71. Visual characteristics of drivers  

 

Table G-72. Eye conditions of drivers involved in injurious crashes, noninjurious crashes and no crashes.  

 

Table G-73. Odds ratios and 95% confidence intervals for significant variables from multiple logistic 
regression models for injurious crashes and non-injurious crashes. 
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Study Summary Tables for Key Question 4 
Mantyjarvi M, Tuppurainen K. Cataract in traffic. Graefe’s Arch Clin Exp Ophthalmol 1999; 237: 278-282 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Examine contrast sensitivity and VA under glare in cataract patients compared with individuals without cataract who are eligible for a 

drivers license 
Study Design Prospective Cohort-Controlled  

Inclusion Criteria Cases presented for an eye exam at the Eye Clinic of the University Hospital in Kuopio with one or more 
cataracts.  

Exclusion Criteria  
Study population 
Characteristics 

Variable  Cases    Controls 
N  35    13 
Age (yrs)mean±SD 70.1 ±6.1 (range 60 – 87)  67.3±4.6 
Gender M/F  13/22 
VA ≥0.5 (50/70 of the eyes) (range 0.5-0.9) 1.0 or better (22/26 eyes) 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Patients were tested monocularly for all tests; central and peripheral VFs with the automatic Peristat 433 equipment. Contrast 
sensitivity testing utilized a Pelli-Robson chart with eight lines of letters with varied contrast across and down the lines. Exam was 
performed at 3 m, corresponding to a spatial frequency of approximately 3 cycles/degree. Brightness acuity and macular 
photostress test were performed with the Brightness Acuity Tester. Normal recovery time in a glare test is 0 to 30 s.  

Statistical Methods Unpaired t-test, Mann-Whitney U-test, linear regression 
Quality Assessment 1 2 3 4 5 6 7 8 9 10 Revised Newcastle-

Ottawa Quality Scale 
Cohort Studies Score: 

Moderate 
S No Yes Yes Yes Yes Yes Yes Yes Yes 

 
Relevant Outcomes 
Assessed 

Contrast sensitivity disability glare testing  

Results Results for the Pelli-Robson contrast sensitivity test were significantly worse in the cataract eyes (1.39±0.18) than in the control 
eyes (1.68±0.09) (Table G-74). During glare testing, a significant difference was demonstrated as controls made no errors while 
loss of lines for cataract eyes varied from 0-6 and 0-4 with high and medium glare respectively.  No significance was found for 
macular photostress recovery time although the cataract eyes did take longer (16.50±6.73) than normal eyes (13.14±2.74). 
Investigators also compared responses from different types of cataract with normal eyes. Results demonstrated significant 
differences in all types of cataract eyes (nuclear, posterior subcapsular, cortical, and mixed) in contrast sensitivity and in the number 
of lines lost in glare. Only the eyes with nuclear cataract had a significant difference in the macular photostress recovery time (7-39 
s versus 10-19 s) (Table G-75). 

Authors’ 
Comments 

 Cataract eyes performed significantly worse on contrast sensitivity and glare testing and had longer recovery time in the macular 
photostress test. While this study did not demonstrate risk of increased crash when measuring visual functions separately, 
investigators stress that other studies have demonstrated that the combination of these visual deficiencies have shown a significant 
correlation with increased crash risk in drivers aged 66 years and older.  

Table G-74: Contrast Sensitivity and Glare Test Results 

 
*Significant difference, unpaired t-test 
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Table G-75: Comparison of eyes with different types of cataract with normal eyes in contrast sensitivity and 
glare tests 

 
* Significant difference, unpaired t-test in nuclear, Mann-Whitney U-test in other groups 
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Monestam E, Wachtmeister L. Impact of cataract surgery on car driving: a population based study in Sweden. Br J Ophthalmol 1997; 81: 16-22 
1 2 3 4 5 Key Questions 

Addressed       
Research Question Subjective difficulty driving of an adult population post cataract surgery 
Study Design Pre-post 

Inclusion Criteria Individuals consecutively recruited between April 1, 1992 and March 31, 1993 who underwent cataract 
surgery at Norrlands University Hospital in Umea, Sweden 

Exclusion Criteria Patients who underwent cataract surgery for reasons other than restoring vision or had traumatic, juvenile, 
or congenital cataracts; patients with limited mental status who could not understand a study questionnaire; 
patients preoperatively scheduled for cataract surgery without an intra-ocular lens (IOL) implantation; 
patients with combined cataract and corneal or trabeculectomy surgery  
Variable  All   Drivers   Unlicensed
N  453   
Surgeries  459   211  248 
  (6 pts had surgery on both eyes) 
Gender M/F  155/304  125/86  13%M/87%F 
(based on surgeries) 

Study population 
Characteristics 

Age (yrs) median  
 Male 75  74  79.5 
 Female 77  71  78.5 
Age (yrs) range 38 - 95 

Population 

Generalizability to 
CMV drivers 

Unclear  

Methods Patients responded to 2 self-administered questionnaires regarding visual function before and after surgery (Figure G-30) (Figure G-
31). Medical records confirmed stabilized vision post-surgery. Up to 2 months after the patients had received their new prescription 
glasses, the 2nd questionnaire was forwarded. Mean lapse time from date of surgery to receipt of questionnaire was 5.3±1.8 months 
to allow participants to adjust to new prescription. Confirmation of license information was obtained by the Swedish National 
Register of Driving Licenses; 208 patients (211 cases) had licenses and 245 patients (248 cases) had not. The distribution of men 
and women by age group are shown in Figure G-32.  

Statistical Methods Paired two sample, two tailed t tests, one way analysis of variance Yates corrected X2 test, Fisher’s exact test 
Quality Assessment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
ECRI Institute 
Quality Scale for 
Pre-Post Studies: 

Low 
*Vision test are 
objective, driving 
difficulty outcome 

No Y Y Y Y Y 
Y 
N* 

Y Y Y Y Y Y Y 

Relevant Outcomes 
Assessed 

Subjective visual function and distance estimation for driving, difficulty driving 

Results In adults over 65, 23% of women drove while 78% of men were licensed. In the subgroup of adults aged below 55 years of age, 
number of licensed drivers was comparable by gender. Responses to Questionnaire #1 presented before surgery are shown in 
Table G-76. Only 56% of 211 drivers were driving before surgery with 82% claiming visual function problems. Difficulty when driving 
in darkness and twilight were the most common complaints and reported by 71% drivers. Problems with distance estimation were 
reported by 37%. Significant improvements in mean VA (MVA) were demonstrated in all groups with driving licenses (Table G-77). 
VA did not improve for only 1.9% of cases. Results for distance estimation demonstrated 46% of cases with driving licenses had 
difficulties but after surgery only 14% (29/211) had problems (p<0.0001). Mean VA in this subgroup of 29 individuals showed a 
significantly lower MVA in their operated eyes (logMAR=0.28, p<0.01) and their fellow eyes (logMAR=0.54, p<0.001) and 
significantly more cases with a VA of logMAR>0.3 (<20/40) in one eye (62%, 18/29). 

Authors’ 
Comments 

Subjective visual function and distance estimation while driving improved after cataract surgery. In order to achieve optimal distance 
estimation, investigators recommend undergoing surgery in both eyes.  
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Figure G-30: Before Surgery Questionnaire 

 

Figure G-31: Post-surgery Questionnaire 
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Figure G-32: Distribution of Driving Licenses by Age Groups 

 
Distribution of driving licenses in men (A) and women (B) of different ages. 

Table G-76: Self Reported Visual Difficulties while Driving 

 
*11 cases did not report their degree of visual problems while driving.  

83 For internal agency use only, not for distribution 

 



Table G-77: Visual Functional Problems before Surgery versus Mean VA Before/after Surgery 

 
***Significant improvement of MVA after surgery in the operated eye at a level of p<0.0001. 
**Significantly less improvement in MVA of the fellow eye before surgery for non-drivers compared with the various groups of drivers at a level of 
p<0.001 and *p<0.01. 
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Monestam E, Lundquist B, Wachtmeister L. Visual function and car driving: longitudinal results 5 years after cataract surgery in a population. Br J 
Ophthalmol 2005; 89: 459-463. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question 5 year follow-up of visual function for cataract patients and self-reported difficulty driving after cataract surgery 
Study Design Prospective Pre-Post 

Inclusion Criteria Active drivers who had cataract surgery between June 1, 1997 – May 31, 1998 at Norrlands University 
Hospital in Umea, Sweden 

Exclusion Criteria Patients who underwent cataract surgery for reasons other than restoring vision or had cataract surgery 
combined with other types of ocular surgery; patients with dementia  

Study population 
Characteristics 

Variable   Value
n   189 
Gender   62%M 
Age (yrs) mean±SD  70.3±11 
One eye operated for cataract 33% (62/189) 
Both eyes had surgery  67% (127/189) 
Presenting VA less than 
 20/40 of the better eye 5% (9/174) 
Best corrected VA less than 20/40 
 of the better eye 3% (5/174) 
Visual difficulties, daytime driving 5% (9/188) 
Visual difficulties, night-time  32% (61/188) 
Do not drive in darkness  12% (22/188) 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Participants had eye exams and answered questionnaires before and 5 years after surgery. Records from the Swedish Population 
Register identified five year survivors. 590 surviving patients were asked to respond to a questionnaire and have an eye exam. 530 
(90%) patients completed the questionnaire; 467% patients had an eye exam; 189% patients stated they were currently driving. 
Vision assessments were completed and pts responded to a questionnaire on three occasions; 1-2 weeks before surgery, 1 month 
after receiving new glasses and five years post-surgery. Questions presented are shown in Table G-78.  

Statistical Methods Two sample t tests, Yates corrected x2 tests, Fisher’s exact tests 
Quality Assessment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
ECRI Institute 
Quality Scale for 
Pre-Post Studies: 

Low 
*Visual function 
objective, self-reported 

No Y Y Y Y Y 
Y 
N* 

No No No Y Y Y Y 

Relevant Outcomes 
Assessed 

Visual function, VA and self-reported difficulty driving 5 years post-cataract surgery 

Results • Driving status before and after surgery for pts operated on from 1997-1998 is shown in Figure G-33. 
Prior to surgery, 407 (50%) patients had a license; 50 (6%) had a license earlier, and 353 (46%) had never had a 
license 
Pts without licenses had significantly worse VA of the eye to be operated and the better eye, both before and after 
surgery 
Before surgery, 32% of patients did not fulfill visual requirements for driving while only 5% did not fulfill visual 
requirements post-surgery 

• Fulfillment of VA requirements for driving 
Prior to surgery, 55% of patients were active drivers; 16% of these drivers did not fulfill the visual requirements for 
driving.  
After surgery, 285 patients drove; only 2 patients driving without fulfilling visual requirements  

5 years post-surgery, 189 patients were active drivers (63% of eligible drivers); 9 of 174 respondents not fulfilling the legal VA 
requirements; worst VA of 20/83. 5 additional patients were able to drive with improvement in eyeglasses. Six of nine respondents 
(67%) who did not fulfill the legal requirements had a diagnosis of Age-related maculopathy (ARM) before surgery, versus 11% of 
those who had sufficient VA (p<0.0005). Five years post-surgery, 8 of 9 patients (89%) with too low VA had ARM.  
• Results for driving status after surgery and 5 years later demonstrated 37% of pt population beginning to drive after surgery 
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for the first time. All of the 67 patients had sufficient VA to drive legally. Five years post-surgery, 82% (40/50) who responded 
were still active drivers. 

• Results for non-drivers 5 years post-surgery demonstrated 132 patients not driving who either drove earlier in life or were 
eligible to drive chose not to drive. Reasons stated for not driving are listed in Table G-79.  

• Visual difficulties with daytime driving were reported by 50% of patients prior to surgery with only 6% reporting problems post-
surgically (Table G-80). Visual difficulties with nighttime driving were reported by 69% pre-surgery and 24% post-surgically. 
Five years post-surgically, 95% of patients reported no visual difficulties with daytime driving while 56% of patients reported 
no visual difficulties with nighttime driving. 12% of patients still had such visual difficulty driving they never drove during the 
nighttime.  

A statistically significant result was found with a larger percentage of patients with self-reported visual difficulty driving at 
night (p<0.05) 5 years after surgery compared with a few months post-surgery. 

Authors’ 
Comments 

While most patients fulfilled VA requirements for driving 5 years post-surgery, a large percentage of patients had greater difficulty 
with nighttime driving 5 years after surgery versus only a few months post-surgery.  

Table G-78: Patient Questionnaire 
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Figure G-33: Driving Status Pre-Post Surgery 

 

Table G-79: Reasons Stated for Not Driving 

 

Table G-80: Visual function of drivers 

 
Visual function of drivers before and after surgery and 5 years after surgery 
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Monestam E, Lundqvist B. Long-time results and associations between subjective visual difficulties with car driving and objective visual function 5 
years after cataract surgery. J Cataract Refract Surg 2006; 32: 50-55 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Subjective and objective visual function while driving for post-surgery cataract patients 
Study Design Pre-Post 

Inclusion Criteria Individuals who had cataract surgery between June 1, 1997 – May 31, 1998 at Norrlands University 
Hospital in Umea, Sweden; active drivers 

Exclusion Criteria  
Study population 
Characteristics 

Variable   Value
n   189 
Gender M/F   117/72 
Age (yrs) mean±SD  71.2±11.7 (male) 
   68.9±9.7 (female) 
Eye surgery  1997-1998  145/189 in first eye 
   44/189  in second eye 
 Eye surgery 5 years later 127/189 surgery in both eyes 
   One third remained with 1 eye without surgery 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Participants had eye exams and answered questionnaires before and up to 5 years after surgery. Records from the Swedish 
Population Register identified five year survivors. 590 surviving patients were asked to respond to a questionnaire and have an eye 
exam. 530 (90%) patients completed the questionnaire; 467% patients had an eye exam; 189% patients stated they were currently 
driving. Vision assessments were done by VA testing (total# of letters read correctly), low-contrast VA (LCVA) (using a Sloan letter 
logarithmic translucent contrast chart), and by questionnaire. Participants responded to the questionnaire on three occasions; 1-2 
weeks before surgery, 1 month and five years post-surgery. Questions presented are shown in Table G-81.  

Statistical Methods Non-parametric Mann-Whitney U tests, chi-square test, Fisher exact tests, logistic regression analyses, adjusted odds ratios 
Quality Assessment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
ECRI Institute 
Quality Scale for 
Pre-Post Studies: 

Low 
*No for difficulty driving, 
yes for VA No Y Y Y Y Y 

Y 
N 

Y Y Y Y Y Y Y 
 

Relevant Outcomes 
Assessed 

Difficulty driving, VA, subjective difficulty driving 

Results Results for objective visual assessments demonstrated greater visual improvements for acuity and LCVA for men than women. VA 
results for 20/20 or better “best corrected better eye” were (58 vs 26) and “low-contrast better eye” (5 vs 1) (Table G-82). Although 
results were not significant, there was a statistically significant correlation between BCVA and LCVA (r = 0.80; P<.01). Results for 
the subjective visual questionnaire show a significantly greater number of drivers had difficulties with driving in darkness after 
surgery and 5 years later than with daytime driving (Table G-83). Patients demonstrated difficulty driving in darkness whether they 
had cataract surgery on 1 or 2 eyes (48% vs 41%, p=.36). In response to questions regarding distance estimation, although 10 
patients stated difficulty 4 months post-surgery, no patients reported problems 5 years after surgery. 

Authors’ 
Comments 

5 years post cataract surgery, over 40% of drivers continued to have difficulty driving in darkness while no difficulty remained in VA 
function, daytime driving, and distance estimation.  
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Table G-81: Vision Questionnaire 

 

Table G-82: Distribution of VA and LCVA 

 
BCVA=best corrected VA; LCVA = low-contrast VA 
*Mann-Whitney U tests; men versus women and 1 eye versus 2 eyes 
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Table G-83: Self-reported Visual Difficulties while Driving 

 
*P values refer to the change in subjective visual difficulties 4 months and 5 years after surgery and were calculated by chi square for trend.  
† Statistically significant 
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Pfoff D, Werner J. Effect of cataract surgery on contrast sensitivity and glare in patients with 20/50 or better Snellen acuity. J Cataract Refract Surg 
1994; 20: 620-625 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Effectiveness of cataract surgery (measured by MCT 8000) in improving functional contrast sensitivity for patients with 20/50 or 

better Snellen acuity 
Study Design Pre-post, prospective cohort-controlled 

Inclusion Criteria Consecutive patients with significant cataracts, a Snellen acuity of 20/50 or better, nighttime glare and 
contrast sensitivity below normal range (20/70 “equivalent acuity”) or worse at 6 cycles per degree on the 
calibrated Vistech MCT 8000 unit and selected from the practice of study author, David S. Pfoff. Controls 
had no observable cataracts.  

Exclusion Criteria Patients with significant clouding of the lens capsule, advanced glaucoma with field loss, or age-related 
macular degeneration. 

Study population 
Characteristics 

Variable  Case  Control
N  103  24 
Mean age  73.8  64.2 
Gender M/F  43/60  11/13 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Contrast sensitivity and nighttime glare testing were performed within 8 months of cataract surgery utilizing the MCT 8000 
o To simulate night driving conditions, scotopic target luminance was used (1-foot lambert).  
o An example of the patients view through the instrument is shown in Figure G-34. 
o Each grating diameter subtends 1.4 degrees of visual angle; the centrally located glare source is positioned 1.7 

degrees from each grating. Moving in a clockwise direction, the gratings successfully diminish in contrast, with 
orientations in a vertical, tilted right and tilted left position. 

o Contrast sensitivities were measured at spatial frequencies of 1.5, 3, 6, 12, 18 cycles per degree  
o A score of 1 was assigned when a pt was unable to identify any gratings at a given spatial frequency 

Pts responded to questionnaires inquiring changes in visual performance after cataract removal.  
o Additional questions included benefits to surgery and night-driving status pre and post-surgery 

Statistical Methods ANOVA 
Quality Assessment 1 2 3 4 5 6 7 8 9 10 Revised Newcastle-Ottawa 

Quality Scale 
Cohort Studies Score: 

Moderate 
No Yes Yes Yes Yes Yes Yes Yes Yes Yes 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 ECRI Institute 
Quality Scale for 
Pre-Post Studies: 

Moderate 
*Yes for objective visual 
function tests, no for 
subjective self-reported 

No Y Y Y Y Y 
Y 
N 

Y Y N Y Y Y Y 

 
Relevant Outcomes 
Assessed 

Contrast sensitivity  

Results Pre-operative results for testing the effect of cataracts on glare-related contrast sensitivity demonstrated:  
o a significant difference in the cataract group with significantly lower contrast sensitivity under glare conditions 

than controls 
o significant effects for spatial frequency (P<.0001) 
o Contrast sensitivity means for preoperative patient group and controls are shown in Figure G-35. Controls 

demonstrated higher mean sensitivity at each spatial frequency with differences narrowing at the highest spatial 
frequency. Post hoc analyses found differences to be significant at each spatial frequency (p<.0001). In a 
comparison of normative data, (enclosed region in Figure G-35 for 5th and 95th percentiles), the means for 
cataract pts preoperatively is below the normal region at the 3 lowest spatial frequencies. 

Postoperative results  
o Effect of cataract surgery with contrast sensitivity scores significantly higher postoperatively (P<.001).  
o Significant effects demonstrated between spatial frequency and testing session (P<.0001). Post hoc analysis 

differences to be significant at each spatial frequency (P<.0001). While means for preoperative testing fell below 
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normal, postoperative testing fell within upper and lower boundaries. 
Post-operative vs controls: demonstrated  

o Controls had higher contrast sensitivity under glare conditions than postoperative eyes. 
o A significant effect was also shown for spatial frequency (P<.0001). 
o post-hoc comparisons resulted in significant differences at each spatial frequency 

Although significant differences were demonstrated at all levels of testing, only a relatively small difference was demonstrated 
between control and cataract patients post-operatively. 
Snellen Vision Data 
o Average mean in dim light improved from 20/28 to 20/19 postoperatively. Acuity for controls was 20/20  

(Table G-84). 
Questionnaire Data 

o Responses indicated a statistically significant improvement in problem glare (74% vs 48% postoperatively) (x2=12.935, 1 df, 
P=.0003). 

o Cataract pts reported a significant improvement in ability to drive (41% vs 80% postoperatively) (x2=31.43, 1 df, P=.0001). 
Authors’ 
Comments 

Six months postoperatively, cataract patients demonstrated statistically significant improvement in contrast sensitivity and glare than 
postoperative cataracts and non-cataract controls on contrast sensitivity were statistically significant but not great. 

Figure G-34: Internal Display of MCT 8000 calibrated contrast sensitivity device 

 
Figure G-35: Mean Contrast Sensitivity of Cataract Patients Pre and Postoperative and Control data, using 
Nighttime Glare Simulation 
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Table G-84: Dim Light Snellen Acuity 
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Owsley C, Stalvey B, Wells J, Sloane M. Older drivers and cataract: driving habits and crash risk. J Gerontol 1999; 54: M203-211 
1 2 3 4 5 Key Questions 

Addressed       
Research Question What is the role of cataract among older drivers? 
Study Design Retrospective Cohort Control (Crash), Prospective Cohort-Controlled (difficulty driving, vision tests) 

Inclusion Criteria Cases aged 55-85 years living independently in the community and legally licensed to drive; diagnosis of 
cataract in one or both eyes; acuity in one eye of 20/40 or worse (best-corrected distance) and no previous 
cataract surgery in either eye; primary cause of vision impairment in both eyes had to be cataract 
according to medical records.  
Controls had to be free of a diagnosis of clinically significant cataract in either eye; acuity in each eye of 
20/25 or better (best-corrected distance); no previous cataract surgery; and free of identifiable eye disease 
according to medical records.  

Exclusion Criteria Amblyopia, use of a wheelchair for mobility, and the presence of dementia, Parkinson’s disease, psychosis, 
or any illness that precluded annual clinic visits for 3 years  

Study population 
Characteristics 

Variable  Case    Control
n  279   105 
Age (yrs) mean±SD 71±6   67±6 
Gender M/F  53%M,47%F  48%M,52%F 
Race  White 86%   White 84% 
  African American 14%  African American 16% 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods All participants were recruited from 12 ophthalmology practices/clinics in Birmingham, Alabama through medical records of previous 
12 months. Study phases included an interview and visual function assessment. Participant’s responses to the Driving Habits 
Questionnaire informed investigators of prior year’s driving status, exposure, dependence on other drivers, driving difficulties, driving 
space, and crashes and citations. The Alabama Department of Public Safety (DPS) supplied reliable crash data on all study 
participants for 5 years prior to enrollment. Three independent individuals rated each accident report to determine at-fault 
involvement. Raters were not aware of participant’s health status. Visual function was assessed for each eye with interest in acuity 
(measured by ETDRS letter chart), contrast sensitivity (measured by Pelli-Robson Contrast Sensitivity Chart) and VF sensitivity 
(measured by Humphrey Field Analyzer 81 point screening program for central 60 degrees). As is commonly allowed, older adults 
were permitted to view targets through plus lenses to correct for the near test distance.  

Statistical Methods Descriptive statistics, chi-square tests, T tests, analysis of covariance, Mann-Whitney U tests, logistic regression, relative risk 
estimates 

Quality Assessment 1 2 3 4 5 6 7 8 9 10 Revised Newcastle-
Ottawa Quality Scale 
Cohort Studies Score: 

Moderate 
N Yes Yes Yes Yes Yes Yes Yes Yes Yes 

 
Relevant Outcomes 
Assessed 

Crash risk, self-reported driving difficulty, vision tests: acuity, contrast sensitivity, VF sensitivity 

Results Responses to the Driving Habits Questionnaire are shown in Table G-85, Table G-86, Table G-87, and Table G-88. Results 
included an association of cataract with a preference to having someone else drive, RR =2.37 (95% CI, 1.04-5.41, adjusted for age), 
and driving slower than the general traffic flow, RR=1.79 (95% CI, 1.01-3.16, adjusted for impaired health). Results for driving 
exposure demonstrated that cataract was associated with reduced days of driving, RR=1.89 (95% CI, 1.06-3.34) and reduced 
destinations, RR=1.75 (95%CI, 1.08-2.82), but unrelated to reduced miles/week, RR=1.51 (95% CI, 0.95-2.42, adjusted for age). 
Results for driving difficulty showed a significant correlation to cataract group, RR=4.07 (95% CI, 2.39-6.94, adjusted for 
depression). Self-reports of crash are noted in Table G-89. Alabama DPS reported a total of 46 at-fault crashes for the participants 
during the prior 5 years (Table G-90). Nine percent were involved in one at-fault crash while two percent incurred two or more at-
fault crashes. Self-reported crash data was similar to DPS records with only 2 crashes not being reported. Analysis showed a 
significant association between cataract and at-fault crash involvement, which remained significant after adjusting for driving 
exposure, RR=2.48 (95% CI, 1.00-6.14). Adjustments were also made for impaired health (only other variable related to crash 
involvement), and the significant association remained, RR=2.46 (95% CI, 1.00-6.16). 

Authors’ 
Comments 

Older drivers with cataract have a higher risk of crash involvement than drivers without the condition. 
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Table G-85: Current Driving 

 
*Chi-square test 

Table G-86: Driving Exposure and Driving Dependency 

 
*Chi-square test 

95 For internal agency use only, not for distribution 

 



Table G-87: Driving Difficulty 

 
*Chi-square test 

Table G-88: Driving Space 

 
*Chi-square test 

96 For internal agency use only, not for distribution 

 



† Does not drive beyond neighboring town. 

Table G-89: Self-reported Crash and Citations 

 
*Chi-square test 

Table G-90: At-Fault State-Recorded Crash Involvement 

 
Notes: Crude RR=2.3 (95% CI, 1.00-5.76); RR=2.48 (95% CI, 1.00-6.14) adjusted for 
driving exposure (days driven/week; miles/week). 
*Five subjects are not included because they had out-of-state licenses; thus, crash data 
was unavailable through the Alabama DPS 
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Owsley C, Stalvey B, Wells J, Sloane M, McGwin G. Visual risk factors for crash involvement in older drivers with cataract. Arch Ophthalmol 2001; 
119: 881-887 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Assess visual risk factors for crash in older drivers with cataract 
Study Design Prospective Cohort-Controlled (vision), retrospective cohort-controlled (crash) 

Inclusion Criteria Individuals recruited at 12 eye care clinics in Birmingham, Alabama involved in the Impact of Cataracts on 
Mobility project; cataract in 1 or both eyes with best-corrected VA of 20/40 or worse in 1 or both eyes 
verified by medical record; no previous cataract surgery in either eye; a primary diagnostic of cataract in 
the medical record; living independently in the community; legally licensed to drive and having been driving 
5 years prior to enrollment. Controls had similar inclusion criteria with the following exceptions: not having 
cataracts in either eye and best VA of 20/25 in each eye verified by medical record 

Exclusion Criteria NR 
Study population 
Characteristics 

Variable   Case    Control
n  274    103 
Age (yrs) mean±SD 71±6 years    67±6 years 
Gender M/F  54%M,46%F   48%M,52%F 
Nationality  86% white, non-Hispanic/  84% white  
  14% African American   16% African American 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Bilateral cataracts were present in 97% of cases; 75% with no additional eye condition with the exception of refraction error. Acuity, 
contrast sensitivity and disability glare were assessed. Each eye was evaluated separately.  
The Early Treatment Diabetic Retinopathy Study letter chart was used to assess distance acuity. Measurements were grouped into 
4 categories: 20/25 or better, 20/25 to 20/30, 20/35 to 20/50, and worse than 20/50. A Pelli-Robson Contrast Sensitivity Chart 
measured contrast sensitivity with cut points: better than 1.50, 1.50-1.34, 1.24-1.35, and 1.25 or worse. Disability glare was 
evaluated with the Brightness Acuity Tester (BAT) while the subject viewed the Pelle-Robson Chart. Definition of disability glare 
equals Pelli-Robson score without the BAT minus the Pelli-Robson Score with the BAT.  
Crash data was obtained from the Alabama Department of Public Safety. At-fault crash involvement was defined as participation in 
at least 1 crash in the previous 5 years in which the subject was reported at least partially at fault. 3 independent judges determined 
crash responsibility after evaluating each independent crash record. Subjects filled out the Driving Habits questionnaire and were 
classified into one of two categories; drove more or less than 150 miles/week.  

Statistical Methods Descriptive statistics, X2, t tests, unadjusted odds ratios, 95% confidence intervals, inferential analyses, logistic regression 
Quality Assessment 1 2 3 4 5 6 7 8 9 10 Revised Newcastle-

Ottawa Quality Scale 
Cohort Studies Score: 

Moderate 
N Yes Yes Yes Yes Yes Yes Yes Yes Yes 

 
Relevant Outcomes 
Assessed 

Crash, vision: VA, contrast sensitivity, disability glare 

Results A total of 46 at-fault crashes were reported during the 5 years prior to enrollment. Association between at-fault crash involvement 
and demographic variables, cognitive status, general health and driving exposure are shown in Table G-91. Significance was only 
noted in gender and crash with males being more likely to be involved in crash (p=.004). Results for VA and contrast sensitivity 
demonstrated a correlation for better and worse eyes (Pearson r=-0.62 and -0.72, respectively) (Table G-92). Crash involved drivers 
were approximately 2 ½ times more likely to have cataract than were crash-free drivers (OR=2.46; 95% CI, 1.00-6.16). Additional 
analysis was done to distinguish specific visual function related to increased crash risk. In the better eye (Table G-93) , contrast 
sensitivity of 1.25 or less was the only variable associated with crash involvement (OR=2.65; 95% CI, 1.06-6.61) with the 
relationship becoming stronger (OR=4.97; 95% CI, 1.69-14.63) after adjusting for cognitive function, general health, demographics 
and driving exposure. After these adjustments were made VA in the range of 20/35 to 20/50 also was associated with crash 
involvement (OR=3.17; 95% CI, 1.15-8.69). Results for the worse eye (Table G-94) again show a crude association of contrast 
sensitivity of 1.25 or less with crash (OR=3.38; 95% CI, 1.21-9.47) which became stronger after adjustments noted prior (OR=7.06; 
95% CI, 1.88-26.52). A comparison of better eye and worse eye (Table G-95) demonstrated the only independent predictor of crash 
involvement (when adjusted for other aspects of visual function) was a contrast sensitivity score of 1.25 or less. Results for the 
worse eye were 2 times stronger (OR=7.86; 95% CI, 1.55-39.79) than for the better eye (OR=3.78; 95% CI, 1.15-12.48). Further 
analysis of strength of relationship of 1 eye or both eyes with crash demonstrated a strong association of contrast sensitivity 
impairment in both eyes with crash (OR=5.78; 95% CI, 1.87-17.86) although a significant relationship was also found for 1 eye 
(OR=2.70; 95% CI, 1.16-6.51) (Table G-96). 

Authors’ 
Comments 

Cataract is a risk factor for at-fault crash involvement (OR=2.46; 95% CI, 1.00-6.16) with the visual function of contrast sensitivity 
being primarily responsible for this increased risk.  
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Table G-91: Associations between At-fault Crash 
Involvement and Driving Exposure 
 

*Data are presented as number (percentage) unless otherwise indicated.  
† P values were determined using the X2 test, except for the general health variable, 
for which an independent, 2-sample t test was used. 
‡ Cognitive scores based on the Mattis Organic Mental Syndrome Screening Examination. 
Table G-92: VA, Contrast Sensitivity and Disability Glare 

 
*Data are presented as number (percentage). P values were determined using the X2 test. 

 



Table G-93: Relationship between Visual Function in the Better Eye and At-Fault Crash Involvement 

 
*Data are presented as number (percentage). OR indicates odds ratio; CI, confidence interval.  
† Adjusted for age, sex, race, cognitive status, general health, and driving exposure. 

Table G-94: Relationship between Visual Function in the Worse Eye and At-Fault Crash Involvement 

 
*Data are presented as number (percentage). OR indicates odds ratio; CI, confidence interval. 
† Adjusted for age, sex, race, cognitive status, general health, and driving exposure. 

Table G-95: Multiple Visual Function Model for Better Eye and Worse Eye, Examining Relationship Between 
Vision and At-Fault Crash 

 
*Odds ratios are adjusted for age, sex, race, cognitive status, general health,  
driving exposure, and the 2 other visual functions not being evaluated.  
OR indicates odds ratio; CI, confidence interval. 
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Table G-96: Association between At-Fault Crash Involvement and Impairment in Only 1 Eye and Both Eyes 

 
*OR indicates odds ratios; CI, confidence interval. 
† Adjusted for age, sex, race, cognitive status, general health, driving exposure, 
and the 2 other visual functions not being evaluated.  
‡ Acuity impairment defined as worse than 20/50. 
§ Contrast sensitivity impairment defined as score ≤ 1.25. 
|| Glare impairment defined as glare score ≥ 0.25. 
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Owsley C, McGwin G, Sloane M, Wells J, Stalvery B, Gauthreaux S. Impact of Cataract Surgery on Motor Vehicle Crash Involvement by Older Adults. JAMA 
2002; Vol 288 No. 7; 841-9. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To determine the impact of cataract surgery on the crash risk for older adults in years following surgery compared to older adults 

with cataract elected not to have surgery. 
Self-reported driving difficulty and visual function assessed 

Study Design Prospective Cohort  
Inclusion Criteria Individuals who: 

Had cataract in one or both eyes with acuity of 20/40 or worse (best corrected, distance) as indicated by the 
medical record 
Had no previous cataract surgery in either eye 
Had cataract surgery in at least one eye had been previously recommended by an ophthalmologist as a 
treatment for the subject’s visual problems with elected surgery 
Were living independently with the community 
Were licensed to drive in the state of Alabama; able to drive 

Exclusion Criteria Individuals who: 
Had amblyopia (lazy eye) 
Used wheelchairs for mobility 
Were diagnosed with dementia 
Had Parkinson’s disease 
Illnesses that would preclude annual clinic visits for the follow-up period 

Study population 
Characteristics 

Characteristic Surgery No surgery 
Population (n) 174 103 
Age, mean (SD) y 71.2 (6.6) 71.5 (5.4) 
Men, No. (%) 82 (47.1) 67 (65.1) 

Refer to Table G-97 for complete details  

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Institutional Review board for Human Use at University of Alabama approved study 
Baseline protocol explained to all who enrolled and elected for surgery; test examiners “masked” to crash histories for all subjects 
Candidates contracted for enrollment via letter describing study; followed by phone call from study coordinator 
Participants who agreed to study were scheduled for appointments at the Clinical Research Unit in the Department of 
Ophthalmology, University of Alabama at Birmingham 
Target enrollment of 130 per group based on sample size calculation from previous cross sectional studies 
Information on key variables obtained by phone from declined ICOM project participants  
Three types of visual function assessed: 
Acuity 
Contrast sensitivity 
Disability glare 
Individuals with cataract recruited from 12 eye clinics in Alabama from October 1994 through March 1996 with 4-6 years of follow-up 
(to March 1999) 
For subjects who elected for surgery, initial visit (baseline) before surgery completed 
Cognitive status, visual processing speed/attentional ability, depression, and general health were assessed due to association with 
crash involvement of older adjust—creating potential confounders 
• Cognitive function evaluated by Mattis Organic Syndrome Screening Examination (MOMSSE); Depression symptoms assed 

by the Center for Epidemiological Studies Depression Scale (CES-D) 
• The Alabama Department of Public Safety, the stage agency in charge of compiling crash records, provided information on 

collision for study subjects during 5 year pre-enrollment; information combined with results of Driving Habits Questionnaire to 
calculate crash rates 

Driving exposure estimated at baseline 
Each subject’s person-miles of travel was calculated by summing the estimated miles driven per week from the time of enrollment 
until date of driving cessation, date of death, or March 1, 1999—whichever came first 

Statistical Methods Poisson regression used to calculate crude and adjusted rate ration (RR) and 95% confidence interval (CI) for the association 
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between crash rate and cataract surgery 
Potential confounding variables adjusted for analyses before selection 
Descriptive statistics generated for demographic, medical, visual function and crash rate compared between cataract subjects who 
did and did not undergo cataract surgery using t and X² 
Dependent variables to test the primary hypothesis of study was crash rate per person-miles of travel 
Cutpoints for questioned variables constructed separately for each variable 
P values of ≤.05 considered statistically significant; data analyses conducted using SAS v8.0 (SAS Institute Inc, Cary, NC) 

1 2 3 4 5 6 7 8 9 10 Revised Newcastle-
Ottawa Quality Scale 
Cohort Studies Score: 

Moderate S Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Quality Assessment 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
ECRI Institute 
Quality Scale for 
Pre-Post Studies: 

Moderate 
*No for driving test, yes 
for visual test 

No Y Y Y Y Y Y Y Y Y Y Y Y Y 

 
Relevant Outcomes 
Assessed 

• Risk of crash for individuals with cataract 
• Rate of driving exposure measured  
• Difficulty of driving measured using self- assessed questionnaire 
• Vision assessed utilizing: 
• Distance acuity--measured using the Early Treatment Diabetic Retinopathy study (ETDRS) letter chart and standard protocol 
• Contrast sensitivity—measured using the Pelli-Robson Contrast Sensitivity chart and its standard protocol  
• Disability Glare 
• Contrast Sensitivity 

Results  • The rate ratio for crash involvement was 0.47 (95% CI, 0.23-0.94) for cataract surgery cataract group compared to group who 
did not have surgery; these results were adjusted for race and VA and contrast sensitivity at baseline 

• The absolute rate reduction associated with cataract surgery was 4.74 crashes per million miles traveled 
• Surgery group average a 2-line (10 letters, 0.2 log 10 minimum angle resolvable (logMAR) acuity improvement on the ETDRS 

chart by second visit for both right and left eyes (SD, 0.3 logMAR) 
• For the no surgery group at visit 2 acuity declined on average by 2 letters in the right eye and 1 letter in the left eye ( SD, 0.13 

log MAR for both right and left eyes) 
• Refer to Table G-98 for LOCS III grades for the surgery and non-surgery groups for the worse and better eyes (defined by VA) 
• Table G-99 presents the crash rates for the surgery and non surgery groups—post baseline 
• The unadjusted RR comparing the surgery with no surgery group was 0.64 (95% CI 0.37-1.13) 
• The no surgery group showed an insignificant increase in crash rate 72% (95% CI, 1.00-3.10); surgery group nonsignificant 

increase, 27% (95% CI, 0.80-2.10) 
• Visual Function and Driving Characteristics Among Surgery/No Surgery Groups shown in Figure G-36 

Authors’ 
Comments 

“Employing a randomized design to address the relationship between cataract surgery and crash involvement was not possible 
because cataract surgery is an accepted standard of care.” 
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Table G-97. Baseline Demographic, Medical, and Visual Function Characteristics Among Impact of Cataract on 
Mobility Project Subjects, According to Surgery Status 

 

Table G-98. Lens Opacity Classification Systems (LOCS) III Grades for the Surgery and No Surgery Groups 

 

Table G-99. Crash Rates During Follow-up 
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Figure G-36. Visual Function and Driving Characteristics Over Study Visits Among the Surgery and No Surgery 
Groups 
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Superstein R, Boyaner D, Overbury O, Collin C. Glare disability and contrast sensitivity before and after cataract surgery. J Cataract Refract Surg 
1997 Mar;23(2):248-53. 

1 2 3 4 5 Key Questions 
Addressed       
Research Question To compare preoperative and postoperative glare disability and contrast sensitivity in people with cataracts 
Study Design Pre-post 

Inclusion Criteria Best corrected Snellen VA score of 20/70 or better scheduled for cataract surgery and free of other ocular 
pathology 

Exclusion Criteria None reported 
Study population 
Characteristics 

N        20 
Mean age 69.15 (SD 10.3) years 
Men      50% 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods o All patients tested preoperatively, and 1 and 3 months postoperatively. 
o VA tested with Optec 3000 (Stero Optical Co, Inc) with internal 3500 lux light using Snellen-type letter chart, with 

minimum angle of resolution (MAR) recorded for each line for which more than half the letters were identified. 
o Spatial contrast sensitivity measured using Functional Acuity Contrast Tester (Stero Optical Co, Inc). 
o Verbal questioning of subjective complaints, including poor night driving and changes in vision in brightness. 

Statistical Methods 2x2 repeated measures analysis of variance (ANOVA) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Quality Assessment ECRI Institute 

Quality Scale for 
Pre-Post 

Studies Score: 
Moderate 

No Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Relevant Outcomes 
Assessed 

VA, contrast sensitivity, subjective difficulty driving 

Results o Improvement in VA was statistically significant under glare and no glare conditions at 1 and 3 months postoperative 
(P<0.01) 

o Spatial contrast sensitivity returned to normal range at 1 and 3 months postoperative (Figure G- 37 and Figure G- 38). 
o Subjective visual function improved from all patients reporting difficulty with contrast and glare-related tasks (including 

driving) before surgery to no patients reporting difficulty afterward. 
Authors’ 
Comments 

“The results of this study show that brightness-induced glare did not affect VA but did decrease spatial contrast sensitivity in 
preoperative cataract patients.” 
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Figure G- 37 Log contrast sensitivity as a function of spatial frequencies under glare and no-glare 
conditions 

 
Figure G- 38 Three month postoperative log contrast sensitivity as a function of spatial frequencies for 
glare and no glare conditions 
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Wood J, Carberry T. Bilateral cataract surgery and driving performance. Br J Ophthalmol 2006; 90: 1277-1280 
1 2 3 4 5 Key Questions 

Addressed       
Research Question Change in vision and driving performance post-cataract surgery 
Study Design Pre-Post, Cohort-Control 

Inclusion Criteria Cases recruited from scheduled cataract surgeries with no ocular disease present except cataracts. 
Controls had normal VA (better than 20/25 or 6/7.5) and were free of eye condition. All participants were 
regular drivers and in good general health.  

Exclusion Criteria NR 
Study population 
Characteristics 

Variable   Case  Control
n   29  18 
Age (yrs) mean±SD  73±8 (range 50-89) 68±7 (range 53-78)   

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods A series of vision and driving test sessions were attended by all participants. Cataract group had testing one month pre/post surgery 
(mean length of time since the last cataract surgery was 80 days). Testing was similar for controls. Driving performance was 
evaluated on a closed-road circuit in daytime on a 5.1 km track. Participants were allowed one practice run performed in the 
opposite direction of the recorded run. Outcome measures included sign recognition, road hazard recognition, correct gap 
judgments, divided attention, maneuvering time and time to complete the course. A high-contrast Bailey Lovie chart at 3 m and a 
Pelli-Robson chart were used to assess VA and contrast sensitivity respectively. The Berkeley Glare Test (BGT) and Brightness 
Acuity Tester (BAT) were used to assess disability glare sensitivity. Disability glare was defined as the Pelli-Robson score without 
the BAT minus that with the BAT. Kinetic fields were measured using a large low-contrast target (size IV4B) moving at a speed of 
4°/s along 12 meridians of the VF.  

Statistical Methods Independent t tests, repeated measures regression models, one-way analyses of variance, bivariate Pearson’s correlation 

1 2 3 4 5 6 7 8 9 10 
Quality Assessment Revised Newcastle-

Ottawa Quality Scale 
Cohort Studies Score: 

Moderate S No S Yes Yes Yes Yes Yes Yes Yes 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 ECRI Institute Quality 

Scale for Pre-Post 
Studies: 

Moderate 
*No for driving test, yes for 
visual test 

No Y NR Y Y Y 
No* 
Y 

Y Y No Y Y Y Y 

Relevant Outcomes 
Assessed 

Change in driving performance and vision, in terms of acuity, contrast sensitivity, glare sensitivity, and kinetic VFs 

Results Initial driving performance data is shown in Table G- 100. Results for first visit demonstrated significantly worse driving performance 
for cataract group vs controls for road sign recognition (t(45) = -3.23; p=0.002), road hazard recognition (t(45) = -3.04; p=0.004) and 
avoidance (t(45) = 4.01; p<0.001), as well as for an index of overall performance (minus maneuvering task)( t(45) = -2.68; p=0.01). 
Post-surgery results showed significant improvements in driving performance by the cataract group for overall driving score (F1,28 
=14.88; p=0.001), road sign recognition (F1,28 = 20.51; p<0.001), road hazards recognized (F1,28 = 17.28; p<0.001). Although a 
significant improvement was found in divided attention task (number of reaction lights seen), further analysis showed improvements 
resulted only from repeated testing. Vision performance scores are shown in Table G- 101. During the first visit, the cataract group 
demonstrated significantly worse performance on all visual measurements with the exception of “VA in the second operated eye”. 
BGT measures were excluded from analysis as the measurements may have biased the overall analysis of vision and driving post-
surgery. On the second post-surgery visit, vision performance improved significantly for binocular VA, VA in the first operated eye, 
binocular contrast sensitivity, and contrast sensitivity in the first and second operated eye, and BAT in the first operated eye. 
Pearson’s r values for the bivariate correlations between changes in visual performance and overall driving score after cataract 
surgery are shown in Table G- 102. Results show that change in driving performance was significantly predicted by VA in the first 
operated eye (-0.471, p=0.01) and contrast sensitivity binocularly (0.399, p=0.03) and in each eye individually; contrast sensitivity 1st 
operated eye (0.536, p=0.003), contrast sensitivity 2nd operated eye (0.537, p=0.003). Further analysis demonstrated contrast 
sensitivity was the single best predictor of the change in driving performance after cataract surgery. 

Authors’ 
Comments 

Driving performance was impaired by cataract condition and showed marked improvement post-surgically to emulate performance 
by normal age-matched controls. Improvement in contrast sensitivity in the better eye was the single best predictor for driving 
performance.  
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Table G- 100: Driving Performance Scores for First and Second Visits 

 
Group mean driving performance scores (SD) for both participant groups at the first and second visits.  
Postop, postoperative; preop, preoperative 

Table G- 101: Vision Performance Scores for First and Second Visits 

 
Group mean vision performance scores (SD) for both participant groups at the first and second visits.  
BAT, Brightness Acuity Tester; BGT, Berkeley Glare Test; CS, contrast sensitivity; postop, after operation; preop, before operation; VA, VA 

Table G- 102: Pearson Moment Correlation Coefficients (r) 

 
Pearson moment correlation coefficients (r) between the change in overall driving performance and change in vision performance 
scores after bilateral cataract surgery.  
BAT, Brightness Acuity Tester; CS, contrast sensitivity; VA, VA 
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McGwin Jr. G, Sims R, Pulley L, and Roseman J. Relations among chronic medical conditions, medications, and automobile crashes in the elderly: a 
population-based case-control study. Am J Epidemiol 2000; 152: 424-31 

1 2 3 4 5 Key Questions 
Addressed       
Research Question Odds of crash in elderly drivers with and without chronic medical conditions, including cataract 
Study Design Retrospective case control 

Inclusion Criteria Licensed drivers of Mobile County, Alabama aged 65+years involved in at least one automobile crash between 
January 1 and December 31, 1996 

Exclusion Criteria Individuals who possessed licenses for identification purposes only 
Study population 
Characteristics 

 At-fault drivers  Drivers not involved  Not-at-fault drivers 
 involved in crashes  in crashes   involved in crashes
n 249   454   198 
Age (yr ) %   %   % 
65-68 21.3    25.7   39.6 
69-72 25.4   24.4   23.6 
73-77 25.8   25.7   23.6 
78-93 27.5   24.2   13.2 
Gender %   %   % 
Male 49.6   49.1   51.1 
Female 50.4   51.0   48.9 
Prior crash involvement 
No 63.9   79.0   66.5 
Yes 36.1   21.1   33.5 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Drivers aged 65 years and older were selected from Alabama Department of Public Safety driving records. Of the 39,687 eligible 
individuals, 1,906 had been involved in at least one automobile crash during 1996. 560 individuals were contacted by phone and asked 
to participate in the study. In addition to the 447 who agreed to participate, a random sample of 1,900 possible controls was selected 
from similar driving records. Phone interviews took place between June – December 1997 by interviewers blind to case status. 
Information collected included demographics, chronic medical conditions, medications, and driving habits. A focal reference date of 
January 1, 1996 was used. Subjects were asked if they had been diagnosed with cataract. Crash involvement from 1991 – 1995 was 
researched via Alabama DPS records. 

Statistical Methods Frequency distributions, odds ratios, 95% CI, logistic regression  
1 2 3 4 5 6 7 8 9 10 11 12 13 Quality Assessment Study Quality 

Assessment for 
Case-Control 

Studies: 
Moderate 

Yes No Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes 

Relevant Outcomes 
Assessed 

Crash among drivers with and without cataract 

Results Percent of at-fault drivers involved in crash and diagnosed with cataract was 44.6% (Table G-103). Percent of drivers with cataract not 
involved in crashes was 42.8%. Compared with drivers without cataract, OR of at-fault crash 1.1 (95% CI 0.8-1.5), OR not at fault risk 
1.5 (95% CI 1.0-2.2) 

Authors’ Comments Drivers diagnosed with cataract did not have an increased risk of crash involvement.  
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Table G-103. Medical characteristics of at-fault and not-at fault drivers involved in crashes 
vs drivers not involved in crashes in Mobile County, Alabama, Jan - Dec 1997 

 
*OR, odds ratio; CI, confidence interval; †, reference is those without condition; ‡, adjusted for age, gender, ethnicity and annual mileage 
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Owsley C, McGwin G, Ball K. Vision impairment, eye disease, and injurious motor vehicle crashes in the elderly. Ophthalmic Epidemiology 1998; 
Vol 5 No 2: 101-113. 

1 2 3 4 5 Key Questions 
Addressed        
Research Question To identify visual risk factors for vehicle crashes among elderly drivers that result in injury 
Study Design Case-Control (Single-blinded) 

Inclusion Criteria Subjects identified through Alabama Department of Public Safety (ADPS) files and living in Jefferson County, 
Alabama 

Exclusion Criteria  NR 
Study population 
Characteristics 

Refer to Table G-104 for details    

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods 75 drivers randomly selected from each cell after Jefferson county drivers sorted into 21 cells to represent 3 crash categories 
Enrollment ended when 302 subjects were successfully recruited; 16 additional subjects who did not provide information on self-
reported crashes excluded; final sample consisted of 294 older drivers 
• Cases were defined as those drivers who had incurred at least one vehicle crash between 1985 and 1990 resulting in an 

injury to anyone in the involved vehicles according to the accident report. 
• Controls defined as older drivers not involved in crashes during the same five-year period. 
• Subjects underwent a battery of visual processing tests and a comprehensive eye examination 
Written informed consent obtained after process explained; protocol completed in single visit to clinic in 1990 which consisted of: 
Visual sensory function assessments 
Visual attention/processing speed 
Eye health 
Questionnaire about driving exposure 
Cognitive function 
All vision tests performed under photopic conditions (100 cd/m²) 
Letter acuity measured using ETDRS chart and expressed as log minimum angle resolvable (logMAR) 
Impaired acuity defined as worse than 20/40 acuity 
Contrast sensitivity measured using Pelli-Robson chart—impaired contrast sensitivity defined as score of 1.5 or worse 
Stereoacuity was measured using the TNO test and expressed as arcseconds—impaired stereoacuity defined as 500 arcseconds or 
worse 
Disability glare measured with MCT-8000 (VisTech) and defined as the difference in letter acuity (logMAR) 
VF sensitivity measured with Humphrey Field Analyzer’s 120-point screening program for the central 60° radius field using the 
quantify defects option 
• Impaired VF sensitivity (for both the central and peripheral VFs) was defined as a loss of sensitivity of more than 1 log unit 

(10dB) 
The UFOV defined as the VF area over which one can use rapidly presented visual information 
All subjects received comprehensive eye exams by an ophthalmologist and mental status was evaluated by the Mattis Organic 
Mental Syndrome Screening Examination (MOMSSE) designed to assess cognitive functioning in the elderly 
Examiners and interviewers were not aware of the crash histories of all subjects 

Statistical Methods • Estimated odds ratios (ORs) and 95% confidence intervals (CIs) for associations between injurious and noninjurious motor 
vehicle crash involvement and visual impairment using logistic regression 

• ORs and 95% CIs calculated separately for each case group as compared to the single group of controls. 
• All variables that had significant associations (¤ = 0.10) at the univariate level were included in a multivariable logistic 

regression model 
• Variables individually removed from the model, and likelihood ratio tests (LRTs) performed to determine which variables had 

significant independent associations with crash involvement 
• Linear trend test performed by entering a continuous variable into the logistic regression models and assessing the 

significance of the term using the Wald chi-square test. 
• SAS software used to conduct statistical analyses 
• All significance tests were conducted at the ¤=0.05 level (two-tailed). 

Quality assessment Study quality 
assessment, Case- 1 2 3 4 5 6 7 8 9 10 11 12 13 
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Control Scale: 
Moderate Yes Yes Yes Yes No Yes Yes Yes Yes NR Yes Yes Yes 

Relevant Outcomes 
Assessed 

Visual impairment including cataract, and relationship with crash risk 

Results  • For cataract, the odds of an injurious crash were 1.0 (95% CI 0.6-1.8) and for non-injurious crash 1.1 (95% CI 0.6-1.8) 
• For injurious crashes, the odds ratio for having one or more chronic diseases was 2.2 (95% CI 1.1-4.5); OR was similarly 

elevated for the non-injurious crash group (OR=2.7; 95% CI 1.5-4.9)  
• Table G-105 shows the Univariate results for visual processing variables 
• Table G-106 displays Univariate analyses for common eye conditions in the elderly 
• UFOV reductions of 22.5-40%, 41-60% and >60% associated with 5.2-, 16.5-, and 21.5-fold increased risk of injurious crash, 

respectively (p for trend <0.01), compared to those with reductions of <22.5%; Subjects involved in non-injurious crashes 
were 2.3-, 4.6-, and 7.1-times more likely to have UFOV impairments of 22.5-40%, 41.0-60.0%, and >60.0%, respectively, 
compared to controls (p for trend <0.001). See Table G-107. 

Authors’ 
Comments 

“In addition to the incorporation of visual processing tests with high face validity to the driving task, another strength of this study is 
its reliance on accident reports provided by the state for defining the outcome of interest, injurious crash involvement.” 

Table G-104. Demographic, driving, and health characteristics of drivers involved in injurious crashes, 
noninjurious crashes, and no crashes. 
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Table G-105. Visual characteristics of drivers involved in injurious crashes, non-injurious crashes and no 
crashes. 

 

Table G-106. Eye conditions of drivers involved in injurious crashes, noninjurious crashes and no crashes.  

 

Table G-107. Odds ratios and 95% confidence intervals for significant variables from multiple logistic 
regression models for injurious crashes and non-injurious crashes. 
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Study Summary Tables for Key Question 5 
White JE, Marshall SC, Diedrich-Closson KL, Burton AL. Evaluation of Motor Vehicle Driving Performance in Patients with Chronic Diplopia. J 
AAPOS 2001; 5: 184-8; 

1 2 3 4 5 Key Questions 
Addressed     √ 
Research Question To investigate the impact of stable, chronic diplopia on simulated driving ability to predict whether subjects with diplopia can safely 

operate motor vehicles 
Study Design Cohort (Single blinded) 

Inclusion Criteria Individuals were to have stable diplopia of at least 6 months duration, possession of a Saskatchewan driver’s 
license and an absence of other complications for driving a motor vehicle for either ocular, neurologic or 
systemic 

Exclusion Criteria Cases/Controls: 
NR 

Study population 
Characteristics 

Measurement 
Population (n) 
Age (years) 
Gender (m/f) 

Cases 
10 

39.2 ± 17.5 
6/4 

Controls 
10 

39.6±16.5 
6/4 

Etiologies for subjects outlined in Table G-108. 

Population 

Generalizability to 
CMV drivers 

Unclear 

Methods Medical histories taken and recorded on form for subjects 
VA expressed as log minimum angle resolvable (logMAR); assessed for cases and controls for each eye using corrective contact 
lenses 
Field binocular vision obtained for all subjects with diplopia; subjects did not have a dilated funduscopic examination because it had 
been done during another nonstudy visit 
Some subjects with diplopia assessed shortly after receiving corrective strabismus surgery by one of the authors 
Following vision testing subjects wore tinted lenses or sunglasses for masking purpose; subjects then taken to driving simulator to 
be assessed by examiner for diagnosis 
Subjects were seated in bucket seats and asked to keep their heads straight during testing; subjects to respond to cues during 
allotted time frames 
Responses to braking, steering and accelerating were recorded and monitored by computer; computer recorded non-responses as 
a missed or an error (examiners noted the type of response error) 
Action cues used to measure immediate reaction by the subject—braking, steering to avoid a crash 
Distances obtained compared with group averages or preselected norms; for this study subjects with diplopia were compared with 
age-matched control group 

Statistical Methods Independent samples t test for continuous data and X² statistic for nominal data used to compared cases and controls 
Analysis of variance used when more than two groups compared 
Multiple linear regression used to identify independent variables contributing to missed responses and reaction times 
Statistical analysis completed using SPSS for Window version 6.1 software (Chicago, IL) 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Study quality 

S Y Y Y Y N Y Y NR Y    
14 15 16 17 18 19 20 21 22 23 24 25  

Quality assessment 

Low 
             

Relevant Outcomes 
Assessed 

• VFs tested using confrontation method with both eyes open and tested together 
• Alignment recorded in all positions of gaze at distance as well as primary position of gaze at nearby certified optometrist 
• Braking, steering and acceleration assessed 
• Crash risk measured using driving simulator 

Results  • Field of BSV scores located in Table G-109. 
• No significant differences in missed responses for subjects and controls during driving simulator protocol including number of 

missed responses across all protocols. See Table G-110. 
• No significant differences discovered between group reaction times and averaged reaction times across protocols when 

compared; refer to Table G-111. 
• Age was a significant predictor value for total numbers of missed for all driver simulators (p<.001) 
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• For the total combined reaction times across all driver simulator protocols, age was the most significant predictive value 
(p=.019); BSV showed significance (p=.026) 

• Figure G-39 and Figure G-40 present figures of the driving simulator and frames from the Threat Recognition films, 
respectively. 

Authors’ 
Comments 

 

Table G-108. Etiology of Diplopia 

 

Table G-109. Features of subjects with diplopia 

 

Table G-110. Total missed responses 
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Table G-111. Average reaction times 

 

Figure G-39. Subject seated at the console of the driving simulator 

 

Figure G-40. Representative frame from the Threat Recognition film, Part II 
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