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ABSTRACT | Glaucoma is the leading cause of irreversible 
blindness worldwide and can affect a broad array of daily 
activities, including driving. Recently, studies investigating the 
relationship between driving performance and glaucoma have 
received a great deal of interest. Assessment of driving behavior 
is not straightforward because driving is a complex skill involving 
significant multi-tasking ability. In this review, we summarize recent 
work from clinical studies investigating how glaucoma can affect 
driving performance. Patients with glaucoma are more likely to 
be involved in motor vehicle collisions when compared to healthy 
subjects. Here we describe how conventional functional tests 
performed in glaucoma patients, such as visual field measurements 
via standard automatic perimetry, are associated with driving 
performance. However, the risk of motor vehicle collisions is 
not entirely attributable to visual field impairment in glaucoma, 
suggesting that other factors also account for both driving safety 
and performance. Finally, we show different studies suggesting 
that parameters from driving simulators can be helpful because 
they can identify the impact of visual loss on complex situations. 

Keywords: Glaucoma; Automobile driving; Quality of life; Visual 
field; Motor vehicle; Accidents, traffic

RESUMO | O glaucoma é a principal causa de cegueira irre-
versível em todo o mundo e pode afetar uma ampla gama de 
atividades diárias, incluindo a direção veicular. Recentemente, 
estudos que investigam a relação entre o desempenho na 
condução veicular e o glaucoma têm recebido grande interesse. 
A avaliação do comportamento de dirigir não é direta porque 

dirigir é uma habilidade complexa que envolve habilidade 
multitarefa significativa. Nesta revisão, resumimos trabalhos 
recentes de estudos clínicos que investigam como o glaucoma 
pode afetar o desempenho na direção. Pacientes com glaucoma 
têm maior probabilidade de se envolverem em colisões de 
veículos motorizados quando comparados a indivíduos saudá
veis. Descrevemos aqui como os testes funcionais convencionais 
realizados em pacientes com glaucoma, como as medições de 
campo visual por meio de perimetria automática padrão, estão 
associados ao desempenho na direção. No entanto, o risco de 
colisão de veículo motorizado não é totalmente atribuível ao 
comprometimento do campo visual no glaucoma, sugerindo 
que outros fatores também são responsáveis pela segurança e 
pelo desempenho. Finalmente, mostramos diferentes estudos 
sugerindo que os parâmetros dos simuladores de direção podem 
ser úteis porque eles podem identificar o impacto da perda 
visual em situações de complexas.

Descritores: Glaucoma; Condução de veículo; Qualidade de 
vida; Campo visual; Veículos automotores; Acidentes de trânsito

INTRODUCTION
Glaucoma is the leading cause of irreversible blindness  

worldwide(1). In 2013, the number of people with glau-
coma worldwide was estimated to be 64.3 million and 
was expected to increase to 111.8 million in 2040(1). 
Furthermore, studies have reported that 50% of cases re-
main undiagnosed in developed countries, although the 
figure could be as high as 90% in developing nations(2,3). 
The disease is characterized by progressive optic nerve 
damage that may result in irreversible loss of visual func-
tion and a significant decline in quality of life (QoL)(4).

Visual impairment from glaucoma can affect seve-
ral aspects of one’s QoL and impair performance on a 
broad array of activities of daily living, such as reading, 
walking, and driving. Inability to drive is a significant 
concern for patients with glaucoma, especially in regions 
where driving is fundamental for maintaining indepen-
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dent living and one’s QoL. Several studies have reported 
that patients who stop driving may experience a higher 
number of depression symptoms, social isolation and 
reduced access to healthcare services, which can ne-
gatively affect their QoL(5-8). Although adequate vision 
is essential for driving, it is not clear which tests would 
be more accurate in predicting driving risk in subjects 
with visual disorders such as glaucoma. Although visual 
acuity is the most commonly performed visual parame-
ter assessed by motor vehicle regulatory agencies for 
obtaining a driver’s license, several studies have found 
little or no association between visual acuity and motor 
vehicle collisions (MVCs), clearly indicating the need for 
a more comprehensive assessment of visual performan-
ce concerning fitness to drive(9-13).

The gold standard test to evaluate functional damage 
in glaucoma is the visual field exam, most frequently 
performed with standard automated perimetry (SAP). 
However, previous studies have shown only a relatively 
weak association between SAP results in patients with 
glaucoma and risk of MVCs(14-20). Hypothetically, this 
weak association results from the artificial conditions in 
which visual field tests are performed, as they seek to 
minimize potential distractions to obtain reliable exams. 
However, this strategy provides unrealistic estimates of 
the amount of useful vision available when evaluating 
a multi-tasking ability such as driving(14-20). This suggest 
that other tests may, therefore, be better suited to assess 
the impact of glaucoma on driving fitness, including tests 
assessing visual processing under divided attention or 
more complex tests such as driving simulators.

This review analyze various methods of assessing the 
ability to drive in patients with glaucoma. Additionally, 
this review discusses the impact of visual disability on 
driving performance.

Glaucoma and MVCs

Traffic collisions caused by motor vehicles pose a 
significant public health problem(21). In 2009, the United 
States reported more than 10,000,000 traffic accidents 
with 35,000 deaths(21). A study of 10,000 drivers in 
California showed that individuals with severe bilateral 
visual field loss, primarily due to glaucoma, were twice 
more likely to be involved in MVCs than those with nor-
mal visual fields(22). Another study showed that drivers 
with glaucoma had a 65% higher risk of involvement 
in crashes in the first five years of follow-up than did 
patients without the disease(23).

In objective tests, studies with driving simulators sho-
wed that patients with glaucoma had worse driving per-
formance than control individuals, which may suggest 
a relationship between visual function loss and MVCs. 
Results showed that a 90-degree binocular visual field 
restriction drastically reduced the ability to properly 
identify road signs and avoid obstacles, and increased 
the reaction time to visual stimuli(24,25). Several other stu-
dies which also sought to establish a link between MVCs 
and glaucoma reported a positive relationship between 
the disease and the risk of MVCs, thus corroborating 
the importance of establishing functional assessment 
criteria for glaucoma and its impact on the ability to 
drive(13,14,17,22).

In a subjective evaluation using self-reported ques-
tionnaires, patients with glaucoma reported greater diffi-
culty driving than control individuals(26,27). Furthermore, 
the perceived difficulty increases with the worsening of 
the visual field in their better eye(28). The Salisbury Eye 
Evaluation (SEE) study revealed that individuals with 
binocular disease had the worst self-reported scores for 
night driving, suggesting that the disability may occur 
mainly in individuals with bilateral disease(29). Another 
study showed that self-reported ability to drive was 
worse in patients with a mean deviation from visual field 
lower than 12 dB in the worst eye (e.g. advanced glauco-
ma in the worst eye). However, the same study reported 
significant differences in the perceived ability to drive 
between individuals with treated and untreated ocular 
hypertension, suggesting that the difficulty may be more 
closely related to the perceived than actual disease seve-
rity(27). In a recent study, Correa and colleagues showed a 
weak relationship between subjective tests of the ability 
to drive and objective tests of driving performance in 
patients with glaucoma(30). In their study, only one-third 
of 76 glaucoma patients who were deemed unfit to 
drive on simulator testing had no concerns about their 
ability to drive. Moreover, in 17 patients with signifi-
cant driving concerns, only 4 (24%) had clear evidence 
of unsatisfactory objective driving performance(30). This 
behavior poses a high risk to both the affected individual 
and society. Furthermore, many drivers lose awareness 
and perception of their driving performance because 
they slowly adapt to their declining abilities.

Conventional driving assessment methods

Functional impairment in glaucoma is traditionally 
measured using SAP and visual acuity measurement. In 
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the United States, obtaining a driver’s license from the 
responsible agency (Department of Motor Vehicles) is 
primarily based on visual acuity in most states and, in 
some cases, on visual field assessment(31).

The current Brazilian traffic legislation (Supplement 
1) demands the evaluation of intrinsic and extrinsic 
ocular mobility, visual acuity, visual field, color vision, 
stereoscopic vision, glare test and night vision in the eye 
exam(32). In Brazil, visual acuity equal to or better than 
0.50 (Snellen Table) in each eye or equal to or better 
than 0.66 in one eye, with horizontal isopter equal to or 
larger than 60° in each eye or equal to or larger than 120° 
in one eye, is required for a class “A” and “B” driver’s 
license(32). Furthermore, a minimum visual acuity of 0.66 
in each eye or equal to or better than 0.5 in the other 
eye, with a minimal binocular vision of 0.8, with 120° 
horizontal isopter in both eyes, is required for driving 
class “C,” “D,” and “E” vehicles(32). Each of these classes 
has exceptions (see Supplemental Material I).

Visual acuity and ability to drive

In a large study of 17,500 Californian drivers, visual 
acuity weakly correlated with the risk of MVCs, sugges-
ting that poor visual acuity could not be used as a causal 
factor in crashes(33). In another cohort study of 3,158 
individuals, a visual acuity of 20/40 or worse was not 
associated with the risk of a motor vehicle collision(12).

Recently, a prospective, multicenter study showed 
that the visual acuity of the worst eye is a significant 
risk factor for MVCs in patients with primary open-an-
gle glaucoma(34). Conversely, Gracitelli and colleagues 
found in a prospective study that the visual acuities of 
both best and worst eye were not predictive factors of 
MVCs(35). One of the reasons that visual acuity may not 
be a significant predictive factor for MVCs in previous 
studies is that people with poor visual acuity are not 
licensed to drive. Additionally, people with poor visual 
acuity usually quit driving, therefore, most studies were 
likely biased by these facts.

Visual field and ability to drive

Although the presence of bilateral visual field defects 
has been associated with an increased risk of MVCs, 
some studies have failed to report a clear association 
between visual field loss and rates of MVCs(10,36). Mo-
reover, there is no agreement on the type or severity of 
the visual field defect that would be associated with an 
increased risk of MVCs. Indeed, the specific visual field 

requirements for a driver’s license are highly variable in 
different countries. Interestingly, Haymes et al., showed 
a higher rate of MVCs among individuals with glaucoma, 
even after adjusting for visual field loss(14). Therefore, it 
is plausible to suggest that the risk of MVCs may not be 
fully attributed to visual field defects, suggesting that 
other factors could also account for increased rates of 
collisions in these patients.

In another study, Haymes et al., investigated driving 
behaviors from 20 glaucoma patients, with visual acuity, 
contrast sensitivity and SAP. They found that patients 
with mild-to-moderate glaucoma performed driving ma-
neuvers safely, although they were six times more likely 
to require driving instructor intervention, due to diffi-
culty in detecting peripheral obstacles and in responding 
to unexpected events(37). Furthermore, although with a 
limited sample size and limited patients profile (general 
relatively mild/moderate disease), the aforementioned 
study conducted by Gracitelli and colleagues showed 
that visual field loss was not a predictive factor for the 
risk of traffic collision among patients with glaucoma(35). 
These findings indicate that the ability to drive is a 
complex task involving the simultaneous use of central 
and peripheral vision, attention shift, dynamic spatial 
orientation, kinetic depth perception and assessment of 
dangerous occurrences(31). Conventional tests, including 
the Snellen chart or visual field assessment, seek to mi-
nimize the distractions and demands of secondary tasks. 
Therefore, unsurprisingly, these tests are not strong 
predictors for safe driving.

Useful field of view (UFOV)

Driving involves simultaneous use of central and pe-
ripheral vision while performing primary and secondary 
tasks, both visual and nonvisual(31). When a vehicle is 
in motion, the perception of the environment changes 
rapidly, and the driver has to maintain awareness as to 
when and where a critical event might occur(31). This fact 
has led several researchers to study the relationships 
between safe driving, performance and attention-rela-
ted abilities(31). The ability to divide attention requires 
the ability to respond to information from one task while 
simultaneously performing another, such as monitoring 
information from the roadway to control the vehicle, 
while simultaneously maintaining awareness of potential 
hazards surrounding the vehicle(38).

The useful field of view (UFOV - Visual Awareness, 
Inc., Chicago, IL, USA) is a computerized test developed 
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by Ball et al.(39). In brief, the subtests include processing 
speed, divided attention, and selective visual attention. 
Visual processing speed is initially evaluated by instruc-
ting the subject, using both eyes, to discriminate a foveal 
or central vision target (image of a car or truck) located 
in the center of a 17-inch touchscreen (subtending a 3 x 
5 degree visual angle). Recognition of the target is then 
registered by asking the subject to touch the screen to 
indicate which target was shown. During the test, the 
presentation time is increased following an incorrect 
response and decreased following a correct response 
so that the test results can be presented as the time 
needed to achieve a stable 75% accuracy for detection. 
The processing speed test is followed by a second test 
called divided attention test. The participants are asked 
to identify a silhouette of a 2 cm by 1.5 cm truck or 
car (2 choices) that appears in a box in the center of a  
17-inch touchscreen monitor, in addition to a concur-
rent peripheral localization task consisting of an image 
of a car presented on one of eight radial spokes at a fixed 
eccentricity of approximately 11 degrees. The subject is 
then asked to identify the central target and identify on 
which spoke the peripheral object was located. The test 
proceeds with decreasing presentation times, ranging 
from 500 ms to 17 ms, until the presentation time that 
results in a 75% accurate response can be recorded. 
Finally, in the selective visual attention subtest, the 
subject indicates the radial direction of the peripheral 
target even though it is embedded in other distracting 
stimuli in the periphery. Figure 1 shows one of the steps 
of the UFOV test.

Different studies have observed an association between 
MVCs and the results of the UFOV test(10,12,13). For exam-
ple, Bentley et al., found that the UFOV may be adequate 
in terms of validation and reliability in assessing normal 
subjects and patients with visual field changes; however, 

they also found a moderate degree of variability and 
significant learning effects in the test(40). A meta-analysis 
demonstrated the importance of this test for driving 
performance and safety, due to the relationship between 
UFOV performance and future MVCs, suggesting the use 
of this tool as a potential screening method for elderly 
drivers(41).

Driving simulators

 The applicability of the use of driving simulators has 
been studied in a wide variety of situations, including 
traumatic brain injury, Alzheimer’s disease, Parkinson’s 
disease and attention deficit disorders, as well as to 
assess the effects of distracting situations, such as cell 
phone, alcohol or drug use on driving behavior(42-52). 
Specifically, for glaucoma, different studies have found 
good applicability for driving simulators. For example, 
Medeiros and colleagues developed a driving simulator 
for the functional assessment of drivers with different 
eye conditions(53) (Figure 2).

Driving simulators can measure different tasks with 
or without divided attention. In summary, divided atten-
tion requires processing and responding to information 
about one task while conducting another. Specifically, 
in driving, divided attention involves continuously mo-
nitoring information from the roadway to control the 
vehicle, while simultaneously keep awareness of poten-
tial hazards surrounding the vehicle. As the cognitive 
system has a limited amount of attentional resources, 
the efficiency of performance of a task may be compro-
mised if performed under a divided attention situation. 
Therefore, the ability to divide attention is related to the 
ability to drive(54).

The ability to divide attention between the central 
driving task and the peripheral detection task is assessed 
by measuring reaction times to the distraction stimuli 

Figure 1. One step of the useful field of view (UFOV) test.
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presented peripherally. The peripheral stimuli are pre-
sented at about 20-degrees of visual angle in the upper 
right and upper left of the driving simulator screen and 
at three different contrasts (low, medium and high). The 
contrast of the stimulus is randomly altered. There are 
many different tests such as car following, curve nego-
tiation (Figure 3) or stop signs that can be done on the 
simulator the measure divided attention.

Based on the divided attention test, Tatham and 
colleagues assessed the relationship between glaucoma-
tous structural damage and the divided attention ability 
in a driving simulator. They found that in 82 patients 
with glaucoma and 76 similarly aged controls, the retinal 
nerve fiber layer measured by optical coherence tomo-
graphy provides information in addition to functional 
tests, such as visual field, suggesting that structural 
measurements also have the potential to assess whether 
patients may have problems in daily activities, such as 
driving(55).

Another study compared the relationships between 
MVCs, SAP, UFOV and the driving simulator in asses-

sing divided attention ability. They concluded that the 
reaction times in low-contrast conditions in divided 
attention tasks are more strongly related to MVCs in the 
driving simulator than in conventional perimetry tests 
and the UFOV(20). Moreover, Gracitelli and colleagues 
conducted a longitudinal study that showed the capacity 
of the UFOV and the driving simulator to predict the 
occurrence of traffic collisions extracted from DMV re-
cords among patients with glaucoma(35). These two tests 
were more strongly correlated with the risk of traffic 
collision among patients with glaucoma than conventio-
nal tests, including visual acuity and visual field. These 
findings may help to understand factors related to 
MVCs and glaucoma. A further longitudinal study with 
driving by Diniz-Filho et al. evaluated the relationship 
between driving performance and rates of progressive 
visual field loss in patients with glaucoma(56). They sho-
wed that fast visual field progression was correlated with 
worsening performance on a divided attention task in 
driving simulators. Therefore, patients who presented 
faster visual field progression may be at greater risk of 
decline in driving performance(56).

Several scenarios may also be recreated in the simu-
lator to test different tasks including modifying and ad-
justing the vehicle direction and speed. Position on the 
road, interaction with traffic stimuli, changes in weather 
and light conditions, merging into traffic, negotiating 
curves, passing into oncoming traffic, maintaining safe 
following distance, and response to errors by others 
(e.g., sudden appearance of pedestrians or cars in the 
central or peripheral field of view). These scenarios may 
be customized depending on the driving behavior that is 
under investigation(53). This tool also has the advantage 
of making it possible to perform controlled experiments 

Figure 2. An example of a driving simulator.

Figure 3. Curve negotiation test as presented in a driving simulator.
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that are repeated numerous times in different types of 
scenarios with standardized results to assess a speci-
fic behavior or task separately(53). For example, using 
repeated scenarios Adler and colleagues showed that 
drivers with glaucoma are more susceptible to changing 
their night driving habits on roads in unknown areas, 
indicating that the simulator may resemble reality(57). In 
another recent study, Diniz-Filho and colleagues found 
that patients with glaucoma had a higher risk of MVCs 
during foggy conditions than healthy individuals from 
the control group in a driving simulator, with a higher 
risk in patients with a mean deviation from visual field 
lower than -9 dB(58).

Driving simulators still have some limitations, despi-
te their potential for creating realistic and standardized 
scenarios. For example, study subjects may behave 
differently in real life than when they are exposed to 
artificial scenarios. Furthermore, these tools may have a 
relatively long learning curve, and can sometimes create 
discomfort during the test(35).

CONCLUSION

Glaucoma is a progressive optic neuropathy that leads 
to significant losses in visual function and the ability to 
perform activities of daily living, such as driving. The tests 
currently available for assessing the risk of vision-related 
disabilities such as visual acuity or SAP are still limited. 
Certainly, on-road driving assessment is the best test of 
ability to drive, but such tests can be challenging to stan-
dardize and difficult to evaluate regarding how drivers 
safely deal with hazards. In this context, although they 
are not widely available to clinicians, driving simulations 
may be an excellent tool to assess an individual’s actual 
ability to drive. In addition, other tests such as UFOV may 
present a good association with MVCs.

Supplement 1
Ophthalmologic evaluation

1.	 Visual acuity and camp test:
	 1.1. The requirement for vehicle direction candidates 

of category C, D, E
	 1.1.1. Central visual acuity similar or higher than 

20/30 (equivalent of 0.66) in each eye; or similar 
or upper than 20/30 (equivalent of 0.66) in one eye 
and similar or upper than 20/40 (equivalent of 0.50) 
on the other eye, with 20/25 as minimum binocular 
eyesight (equivalent of 0.80);

	 1.1.2. Peripheral eyesight in horizontal isoptera simi-
lar or higher than 120º in each eye.

	 1.2. The requirement for ACC candidates and vehi-
cles direction of category A and B.

	 1.2.1. Central visual acuity similar or higher than 
20/40 (equivalent of 0.50) in each eye; or similar or 
higher than 20/30 (equivalent of 0.66) in one eye with 
at least bright perception in the other eye.

	 1.2.2. Peripheral eyesight in horizontal isoptera simi-
lar or upper than 60º in each eye; or similar or upper 
than 120º in one eye.

	 1.3. Candidates with no bright perception in one eye 
can be approved in ACC, A and B categories, since 
observed the following parameters and provisos:

	 1.3.1. Central visual acuity similar or upper than 
20/30 (equivalent of 0,66);

	 1.3.2. Peripheral eyesight in horizontal isoptera simi-
lar or upper than 120º;

	 1.3.3. After at least ninety days of loss eyesight, the 
medical report have to indicate the use of safety helmet 
and visors with no visual camp limitation.

	 1.4. The required acuity can be achieved with or 
without optical correction. In this case, it must have 
the observation “it is mandatory the use of corrective 
lenses“ on the driver license. Intraocular lenses are 
not included on this obligation.

2.	 Ocular motility, tropia:
	 2.1.	 The person who has strabismus can be approved 

only in ACC and A and B categories, according to the 
following parameters:

	 2.1.1. Central visual acuity similar or upper than 
20/30 (equivalent of 0,66) in the lower eye;

	 2.1.2. Peripheral eyesight in horizontal isoptera simi-
lar or upper than 120º in at least one eye.

3.	 Color vision test:
	 3.1. Vehicles direction candidates have to be able to 

recognize the standing position traffic lights, accor-
ding to the Brazilian Traffic Code.

4.	 The threshold night vision and glare reaction test:
	 4.1. The candidate have to have vision on low light 

and recuperation after direct threshold.
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