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Drivers older than 79 years have a
higher accident rate when the rate is mea-
sured as a function of exposure, have acci-
dents with more severe and more often fatal
consequences, and are more often judged as
legally responsible for causing an accident
than are younger drivers.' In recognition of
the role that vision plays in driving, most
countries include a test of visual acuity in the
licensing procedure for car drivers. How-
ever, hearing impairment is not seen as a bar-
rier to safe driving: in Australia, totally deaf
individuals may hold a driver's license.2

We aimed to describe the driving habits
of a defined older population living in the
Blue Mountains, west of Sydney, Australia,
and to examine the association between dif-
ferent types of visual impairment, self-
reported problems with hearing, and self-
reported car accidents.

Methods

The Blue Mountains Eye Study is a
population-based survey of eye disease in 2
postcode areas in the Blue Mountains, west
of Sydney, Australia. Details of the survey
methods and procedures have been described
elsewhere.?5 Briefly, all noninstitutionalized
residents aged 49 years or older were identi-
fied by a private census. Of 4433 eligible
residents, 3654 (82.4%) attended the eye
examination.

Subjects completed an interviewer-
administered questionnaire. They were asked
about their driving habits, accidents in the
last year, and hearing. A detailed eye exami-
nation was conducted, including subjective
refraction,4 the Humphrey 76-point supra-
threshold screening visual field test
(Humphrey Instruments, Inc, San Leandro,
Calif),5 and lens photography.6'7 The contrast
sensitivity of all subjects from the first post-
code area (n = 2381) was measured with the
Vectorvision CSV-1000 chart (Vectorvision,
Inc, Dayton, Ohio).

Prevalence ratios8-10 adjusted for age
and sex were calculated; 95% confidence
intervals are presented in this report. Appro-
priate clinical cutpoints were used to catego-
rize all variables except for contrast sensitiv-
ity, which was dichotomized at the third
quartile.

Results

There were 3654 participants in the
Blue Mountains Eye Study; of these, 2379
(65.1%) reported that they were current dri-
vers. People of both sexes tended to give up
driving as they got older (31.6% of men and
29.8% of women aged 80 and over reported
having given up driving, compared with
4.5% ofmen and 8.7% ofwomen aged 49 to
59 years). There were few people driving
with poor visual acuity and even fewer after
refraction (Table 1).

Of people who had stopped driving, 51
(11.5%) reported that they had stopped
because of problems with their vision. Their
vision was worse than that of people who
gave up driving for other reasons: best-eye
visual acuity was 33.1 letters and 45.9 let-
ters, respectively (P= .0001).

Of 2326 current drivers who answered
questions about motor vehicle accidents, 134
(5.8%) reported an accident in the past 12
months. The percentage ofpeople having car
accidents was 5.8% for people aged 49 to 59
years, 5.5% for those aged 60 to 69 years,
5.4% for those aged 70 to 79 years, and
9.1% for those aged 80 years and over.

Table 2 shows associations between
visual acuity, contrast sensitivity, hearing loss,
and self-reported car accidents; some of these
associations were statistically significant.
Visual field was not associated with increased
risk of accidents, nor was the presence of
cataract (data not shown). Of study partici-
pants, 37.7% reported having hearing loss.

Discussion

Findings from past studies of vision and
car accidents have been conflicting. Some
studies have found that impaired visual acuity
is predicfive of road accidents," while others
have found only weak associations. '2"3 Some
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have suggested that tests of visual acuity are

inadequate predictors of car accidents12 and
have proposed using visual field,'4 visual
attention,'5 or a combination ofmeasures.'6

The New South Wales Roads and Traf-
fic Authority requires that newly licensed dri-
vers have a corrected visual acuity of 20/40
in at least 1 eye or 20/60 overall for the
renewal of a license.2 Our study found that
most people in the community drove within
the legal limits for visual acuity, or would
have with a new spectacles correction.

Visual acuity worse than 20/60 in the
right eye was associated with accidents, as was

reduced contrast sensitivity in the right eye (at
1 spatial frequency). Hearing impairment in
the right ear was also found to be associated
with accidents. These findings highlight the
important role that the right eye and ear may

play in detecting hazards on the right side of a
driver in a country with right-hand-drive vehi-
cles traveling on the left side ofthe road. Davi-
son found a similar result when looking at the
visual acuity of British drivers, who also travel
on the left side ofthe road.'7

We found that difference in acuity
between the eyes was associated with acci-
dents, although previous research found that
monocularity has minimal impact on driving
performance. 18-20 A difference in acuity
between the eyes may represent poor depth
perception.

Visual field impairment was not associ-
ated with accidents. Perhaps our measure of
visual field was insufficiently sensitive to
detect an effect, given that other studies have
found associations.1421

The relationship between hearing loss
and accidents is not clear. Colsher and Wal-
lace noted that hearing plays a role in
driving,22 but Gresset and Meyer found that
elderly drivers with hearing impairments
were not at added risk of car accidents.23
McCloskey et al. found that while impaired
hearing was not associated with increased
risk of accidents, wearing a hearing aid was.'2

The main limitation of our study is that
it was cross-sectional, meaning that it is dif-
ficult to assess temporal associations. We did
not measure and control for variables such as

driving experience and kilometers driven
(also possible intervening variables), or type
or severity of accident. Neither did we assess

the cognitive function of drivers, which has
been shown to be a good predictor of driving
skills.24 We used self-reports of car accidents
rather than state records; Marottoli et al. sug-
gested that self-reported accidents may be a

reasonable altemative to state-recorded acci-
dents.25 It is likely that self-reporting of acci-
dents may lead to differential underreporting
of accidents by people with poor vision. We
also relied on self-report of hearing impair-

TABLE 2-Association Between Tests of Visual Function, Self-Reported
Hearing Impairment, and Self-Report of Car Accidents In the Past
Year in Subjects Reporting They Are Still Driving: Blue Mountains
Eye Study, Australia, 1992-1994

Age/Sex Adjusted Adjusteda

Variable n (%) PR 95% Cl pb PR 95%CI pb

Visual acuity
Best eye 920/40
Best eye <20/40-20/60
Best eye <20/60
Right eye .20/40
Right eye <20/40-20/60
Right eye <20/60
Left eye .20/40
Left eye <20/40-20/60
Left eye <20/60

Difference between eyes
<5 letters
5-9 letters
.1 0 letters

Contrast sensitivityc
Best eye
3 CPD
6 CPD
12 CPD
18 CPD

Right eye
3 CPD
6 CPD
12 CPD
18 CPD

Left eye
3 CPD
6 CPD
12 CPD
18 CPD

2199 (94.5)
100 (4.3)
27 (1.2)

2021 (86.9)
166 (7.1)
139 (6.0)

2033 (87.4)
175 (7.5)
118 (5.1)

1248 (52.5)
592 (24.9)
539 (22.7)

229 (14.8)
249 (15.9)
335 (21.4)
392 (25.3)

358 (23.2)
408 (26.1)
352 (22.6)
299 (19.4)

1.0
1.3
1.4
1.0
0.7
2.2
1.0
1.0
1.0

1.0
1.1
1.6

1.3
1.3
1.3
1.4

1.2
0.9
1.9
1.2

410 (26.5) 1.1
353 (22.6) 1.0
306 (19.6) 1.3
549 (35.6) 1.2

Reference
0.6, 2.6
0.4, 5.4

Reference
0.3,1.5
1.3, 3.5

Reference
0.6,1.9
0.5, 2.1

Reference
0.7,1.6
1.0, 2.3

0.8, 2.2
0.8, 2.2
0.8, 2.1
0.9, 2.2

0.8,1.9
0.6,1.5
1.2, 2.9
0.8, 2.0

0.7,1.7
0.6,1.7
0.8, 2.2
0.8,1.9

1.0 Reference
1.3 0.6, 2.8

.3 1.2 0.3, 5.0
1.0 Reference
0.7 0.3,1.6

.01 2.0 1.2, 3.5
1.0 Reference
1.1 0.5,2.0

.8 1.1 0.5, 2.4

1.0 Reference
1.0 0.6,1.6

.02 1.6 1.0, 2.4

.5

.06

.8

.04

1.3 0.7, 2.2
1.2 0.7, 2.1
1.4 0.8, 2.3
1.4 0.9,2.3

1.2 0.8,1.9
1.0 0.6,1.5
2.0 1.2, 3.1
1.3 0.8, 2.2

1.0 0.6,1.6
1.1 0.6,1.7
1.3 0.8, 2.2
1.3 0.8, 2.1

(Continued)

ment, which is likely to underestimate its
prevalence.

This study found that after having their
spectacles prescription updated, most elderly
people living in an Australian community who
still drove were within the legal visual acuity
standard. Our results for both visual and hear-

ing impairment on the right side need to be
confirmed by studies finding an increased

accident risk for impairment on the left side in
countries with right-side driving.
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TABLE 1-Number and Percentage of Subjects Still Driving With Reduced
Visual Acuity in the Better Eye: Blue Mountains Eye Study, Australia,
1992-1994

Presenting Vision Best Corrected Vision

Visual Acuity Women Men Women Men
Age in Better Eye n (%) n (%) n (%) n (%)

49-59 y <20/40 9 (2.3) 12 (3.0) 2 (0.5) 0 (0)
<20/60 2 (0.5) 0 (0) 0 (0) 0 (0)

60-69y <20/40 8 (1.9) 25 (4.9) 2 (0.5) 0 (0)
<20/60 1 (0.2) 9 (1.8) 1 (0.2) 0 (0)

70-79y <20/40 21 (9.1) 31 (9.7) 4 (1.7) 6 (1.9)
<20/60 3 (1.3) 10 (3.1) 0 (0) 0 (0)

280y <20/40 8 (21.6) 14 (18.7) 3 (8.1) 3 (4)
<20/60 2 (5.4) 0 (0) 1 (2.7) 0 (0)

Total <20/40 46(4.3) 82 (6.3) 11 (1.0) 9 (0.69)
<20/60 8 (0.7) 19 (1.5) 2 (0.19) 0 (0)
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TABLE 2-Continued

Age/Sex Adjusted Adjusteda
Variable n (%) PR 95% CI pb PR 95%CI pb

Hearing loss
Yes vs no 866 (37.5) 1.4 1.0, 2.0 1.5 1.0, 2.1
None 1444 (63.4) 1.0 Reference 1.0 Reference
Mild 559 (24.5) 1.2 0.8, 2.5 1.1 0.7,1.7
Moderate 187 (8.2) 1.9 1.1, 3.2 1.9 1.1, 3.3
Severe 88 (3.9) 1.6 0.7, 3.6 .03 1.5 0.7, 3.4 .02
Moderate/severe vs mild 275 (33.0) 1.5 0.9, 2.5 1.7 1.0, 2.9
Left ear only 171 (7.6) 1.2 0.6, 2.3 1.2 0.6, 2.4
Right ear only 138 (6.1) 1.9 1.1, 3.4 1.8 1.0, 3.4
Both ears 511 (22.6) 1.4 0.9, 2.1 1.3 0.9, 2.0

Use of hearing aidd 103 (6.7) 1.6 0.7, 3.7 1.6 0.7, 3.6

Trouble hearing
conversation vs none 656 (28.8) 0.9 0.6, 1.4 1.0 0.7, 1.5

Tinnitus vs none 511 (22.4) 1.3 0.9, 1.9 1.4 0.9, 2.0

Note. PR = prevalence ratio; Cl = confidence interval; CPD = cycles per degree.
aAdjusted for age; sex; past and current use of benzodiazepines, phenothiazines, and
antidepressants; self-reported history of stroke, arthritis, angina, heart attack, hypertension,
and diabetes; health status; and hearing impairment.

bpfor trend.
cReference group .2 units compared with >2 on a scale of 1-8.
dVs no hearing loss.

and Dr Cumming supervised data analysis and con-
tributed to the writing of this paper.
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