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ABSTRACT
Objectives To systematically investigate the associations 
between vision impairment and risk of motor vehicle 
crash (MVC) involvement, and evaluate vision- related 
interventions to reduce MVCs.
Design Medline (Ovid), EMBASE and Global Health 
electronic databases were systematically searched 
from inception to March 2022 for observational and 
interventional English- language studies. Screening, 
data extraction and appraisals using the Joanna Briggs 
Institute appraisal tools were completed by two reviewers 
independently. Where appropriate, measures of association 
were converted into risk ratios (RRs) or ORs for meta- 
analysis.
Participants Drivers of four- wheeled vehicles of all ages 
with no cognitive declines.
Primary and secondary outcomes MVC involvement 
(primary) and driving cessation (secondary).
Results 101 studies (n=778 052) were included after 
full- text review. 57 studies only involved older drivers 
(≥65 years) and 85 were in high- income settings. 
Heterogeneity in the data meant that most meta- analyses 
were underpowered as only 25 studies, further split 
into different groups of eye diseases and measures of 
vision, could be meta- analysed. The limited evidence 
from the meta- analyses suggests that visual field defects 
(four studies; RR 1.51 (95% CI 1.23, 1.85); p<0.001; 
I2=46.79%), and contrast sensitivity (two studies; RR 1.40 
(95% CI 1.08, 1.80); p=0.01, I2=0.11%) and visual acuity 
loss (five studies; RR 1.21 (95% CI 1.02, 1.43); p=0.03, 
I2=28.49%) may increase crash risk. The results are 
more inconclusive for available evidence for associations 
of glaucoma (five studies, RR 1.27 (95% CI 0.67, 2.42); 
p=0.47; I2=93.48%) and cataract (two studies RR 1.15 
(95% CI 0.97, 1.36); p=0.11; I2=3.96%) with crashes. 
Driving cessation may also be linked with glaucoma 
(two studies; RR 1.62 (95% CI 1.20, 2.19); p<0.001, 
I2=22.45%), age- related macular degeneration (AMD) 
(three studies; RR 2.21 (95% CI 1.47, 3.31); p<0.001, 
I2=75.11%) and reduced contrast sensitivity (three 
studies; RR 1.30 (95% CI 1.05, 1.61); p=0.02; I2=63.19%). 

Cataract surgery halved MVC risk (three studies; RR 0.55 
(95% CI 0.34, 0.92); p=0.02; I2=97.10). Ranibizumab 
injections (four randomised controlled trials) prolonged 
driving in persons with AMD.
Conclusion Impaired vision identified through a variety 
of measures is associated with both increased MVC 
involvement and cessation. Cataract surgery can reduce 
MVC risk. Despite literature being highly heterogeneous, 
this review shows that detection of vision problems and 
appropriate treatment are critical to road safety.
PROSPERO registration number CRD42020172153.

INTRODUCTION
Globalisation and economic development 
have made driving one of the main modes of 
transport worldwide and passenger vehicle 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is an up- to- date systematic review capturing 
literature on a variety of eye diseases and condi-
tions, measures of vision such as visual acuity, con-
trast sensitivity, glare sensitivity and visual field, and 
vision- related interventions and their associations 
with motor vehicle crash involvement and driving 
cessation.

 ⇒ There were no geographical or age restrictions 
placed on the population of focus allowing the global 
impact of vision impairment on driving to be docu-
mented for all age groups.

 ⇒ Meta- analysis was limited due to heterogeneity in 
the outcome measures reported and the definitions 
of vision loss and or impairment used in each study. 
This heterogeneity also prohibited subgroup analy-
ses by age and geographical location.

 ⇒ Only statistical heterogeneity was assessed and not 
clinical or methodological.

 ⇒ Publication bias was not assessed as there were 
less than 10 studies included in each meta- analysis.
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travel is predicted to triple between 2015 and 2050.1 
Driving allows for independent mobility and enhances 
access to employment and education. Unfortunately, 
with more drivers on the roads, motor vehicle crashes 
(MVCs) and road traffic injuries are increasing world-
wide. Approximately 1.35 million MVC- related fatalities 
occur each year with an additional 20–50 million people 
experiencing road- related injuries per annum.2 The 
United Nations (UN) has therefore created targets within 
the Sustainable Development Goals (SDGs) which aim to 
halve road deaths by 2020 (target 3.6) and provide safe 
and sustainable transport systems for vulnerable road 
users (target 11.2).3

Driving is a common and valued activity for many adults. 
Driving cessation limits independent mobility and has 
been linked to depressive symptoms and poorer health 
in older adults.4 Functional declines in vision dispropor-
tionately impact older drivers, as they have higher preva-
lence of poor vision and eye diseases.5 6 Some countries 
have specific licensing requirements for older drivers7; 
however, variations in visual driving standards across juris-
dictions have made it difficult to assess whether these 
standards have safety benefits.8

This review was completed in collaboration with the 
Lancet Global Health Commission on Global Eye Health9 
and aimed to systematically evaluate the evidence to (1) 
investigate the associations between vision impairment 
and risk of MVC involvement across the lifespan, and 
(2) evaluate vision- related interventions to reduce MVCs. 
Since risks can be mitigated by driving retirement, this 
review also considered driving cessation as a secondary 
outcome.

METHODS
This systematic review was reported using Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines10 (online supplemental appendix 
1) using a published protocol.11 An electronic database 

search on Medline (Ovid), EMBASE and Global Health 
was conducted from their inception to March 2020, 
and then updated in March 2022, with no geographical 
restrictions. Online supplemental appendix 2 details the 
search strategy with table 1 describing the inclusion and 
exclusion criteria for studies.

The population of focus was drivers of four- wheeled 
motorised vehicles, of all ages, with no cognitive 
declines. Exposures of interest included eye diseases 
(eg, glaucoma, cataract, age- related macular degenera-
tion (AMD), diabetic retinopathy (DR)) and conditions 
(eg, refractive errors), and measures of vision such as, 
but not limited to, visual acuity (VA) and contrast sensi-
tivity (CS). Studies reporting on interventions focused 
on treatments that would improve vision. The primary 
outcome measure was MVC involvement identified 
from self- reported surveys or government/hospital 
administrative datasets. The secondary outcome was 
self- reported driving cessation. Due to the large volume 
of data collected, other surrogate measures of driving 
safety and driving performance planned in the original 
protocol were beyond the scope of this manuscript but 
will be reported in a separate systematic review.11 Studies 
which used simulators or investigated self- regulatory 
driving behaviours (eg, night driving avoidance) through 
surveys were excluded.

All titles, abstracts and full texts were reviewed inde-
pendently by two investigators using Covidence system-
atic review management software (Covidence non- profit 
SaaS Enterprise, Melbourne, Australia). All discrepancies 
were resolved via consultation with a third investigator. 
Similarly, data extraction was completed independently 
by two investigators using data extraction forms adapted 
from either the Joanna Briggs Institute (JBI) templates 
for observational and systematic review study designs, 
or Cochrane templates for interventional studies. Data 
extracted from the studies included design, participant 
and setting characteristics, exposure type and definition, 

Table 1 Study inclusion and exclusion criteria

Inclusion Exclusion

 ► Interventional (RCTs) and observational (cohort, cross- 
sectional, case–control and case series) studies

 ► Systematic reviews with meta- analyses
 ► Studies on drivers of four- wheeled motorised vehicles of all 
ages

 ► Studies looking at the following exposures of interest: 
impairment in measures of vision (visual acuity, contrast 
sensitivity, visual field and glare sensitivity) or specific eye 
conditions including but not limited to glaucoma, cataracts, 
age- related macular degeneration, diabetic retinopathy, 
stereopsis disorders and colour vision deficiencies

 ► Studies on interventions such as vision screening, 
refractive correction, cataract surgery, anti- VEGF injections 
and other treatments to improve vision

 ► Literature reviews and narrative systematic reviews
 ► Commentary articles, dissertations, abstracts, editorials and 
conference presentations

 ► Studies using simulators or investigated either self- 
regulatory driving behaviours (eg, night driving avoidance), 
or self- reported measures of driving safety

 ► To narrow the scope of the study, studies on populations 
with specific non- vision- related medical conditions (eg, 
dementia, epilepsy, stroke and history of medical events 
such as syncope), low vision or vision difficulties caused by 
other medical conditions (eg, hemianopia caused by brain 
damage)

 ► Studies which simulated vision impairment

anti- VEGF, anti- vascular endothelial growth factor; RCTs, randomised controlled trials.
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intervention details (if any), outcome measures and rele-
vant effect measures.

Overall risk of bias for all included studies was assessed 
by two investigators independently with conflicts resolved 
by a third investigator. All quality assessments were 
conducted using the relevant JBI critical appraisal tools.12 
Each question on the relevant tools was categorised into 
either selection, detection, confounding, validity, perfor-
mance, attrition or allocation bias by all authors. Thus, 
a range of biases were considered appropriate to this 
research question. Each study was given an overall ‘score’ 
on each question answered where a higher score repre-
sented less bias in the study design and execution. Based 
on how the questions were asked, a ‘yes’ indicated that 
some sort of measure to limit bias was undertaken. The 
final scores were used to assign each study as low, medium 
or high risk of bias, with lower scores indicating higher 
risk of bias.

Statistical analysis
Associations between vision impairments and vision- 
related interventions with MVC involvement and driving 
cessation were summarised with appropriate HRs, risk 
ratios (RRs) or ORs. Narrative summaries were reported 
using the Synthesis Without Meta- analysis guidelines.13 
Heterogeneity across studies was assessed using I2 statistic. 
Meta- analysis was conducted by converting all effect 
measures into RR or OR. Random- effects meta- analysis 
was only conducted on studies which presented data with 
the same outcomes, exposures and comparators, and 
which reported on associations adjusted for confounders 
to reduce bias. Data from case–control studies were not 
pooled for meta- analysis to minimise possible hetero-
geneity. No publication bias analysis was conducted as 
there were less than 10 studies in each meta- analysis. 
Reporting of the results was guided by the Meta- analysis 

of Observational Studies in Epidemiology guidelines.14 
All analyses were completed using STATA V.17.

Patient and public involvement
Only existing published literature was looked at in this 
review and therefore no patient or public involvement 
was present during the design or execution of the review. 
Public participation may be sought out for future dissem-
ination of this review.

RESULTS
From the electronic database search, 5111 studies were 
identified after the removal of 2131 duplicates. After title 
and abstract screening, 243 studies remained for full- text 
review after which 142 studies were further excluded, 
leaving 101 studies for data extraction (figure 1).

Sixty- three studies (31 cross- sectional, 19 cohort, 12 
case–control and 1 systematic review with meta- analysis) 
reported on MVC involvement alone, 34 (21 cross- 
sectional, 8 cohort, 2 case–control, 1 case series and 2 
randomised controlled trials (RCTs)) on driving cessa-
tion, and 4 (1 cross- sectional, 2 cohort and 1 case–control) 
on both MVC and cessation. When split by geographical 
regions, 48 studies from high- income countries (HICs) 
and 15 studies from low/middle- income countries 
(LMICs) reported solely on MVC involvement, while all 
34 studies looking at driving cessation only came from 
HICs. From the studies which reported on both MVC 
and driving cessation, only one was from an LMIC. Study 
breakdown according to driving outcome and vision 
impairment is shown in tables 2 and 3. The majority of 
studies (84%) were set in HICs and 57 studies (56%) 
focused on older adults. However, when looking at the 16 
studies set in LMICs, all but 2 had an average study popu-
lation age of less than 65 years. From the total 101 studies, 
only 13 (7 from HICs, 6 from LMICs; 12 cross- sectional, 

Figure 1 Flow chart of search with papers reporting on MVC and driving cessation. MVC, motor vehicle crash; VI, vision 
impairment.
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1 cohort) were categorised as high risk of bias with the 
rest rated as either low or medium (online supplemental 
appendix 3).

Raw data on studies reporting on MVCs15–81 and driving 
cessation70–73 82–115 can be found in online supplemental 
appendix 4A,B, respectively, with additional narrative 
summaries. Meta- analyses on associations are presented 
in online supplemental appendix 5A,B; only 25 studies 
could be meta- analysed. Studies were not included in 
the meta- analysis if different comparators were used, 

different driving outcomes were analysed (any MVC 
involvement, at- fault MVCs, injurious and non- injurious 
MVCs), or different cut- off points or definitions for vision 
impairment. For example, there were studies that looked 
at bilateral VA at 6/12 and worse, while there were others 
that looked at unilateral VA being ‘poor’ but without a 
formal definition of what ‘poor’ acuity meant. Studies 
rated as having a high bias were also excluded from the 
meta- analyses. Figure 2 synthesises the narrative summa-
ries to show multiple associations of vision with MVCs and 

Table 2 Breakdown of studies reporting on vision- related associations by outcome measure

Driving outcome Vision impairment Region (HIC/LMIC) Total no of studies

Motor vehicle crash Glaucoma 15 HICs; 1 LMIC 16

Cataract 8 HICs 8

AMD 6 HICs 6

Diabetic retinopathy 3 HICs 3

Stereopsis impairment 2 HICs; 3 LMICs 5

Myopia 2 HICs; 2 LMICs 4

Colour blindness 1 HICs; 7 LMICs 8

Contrast sensitivity 13 HICs 13

Visual acuity 19 HICs; 9 LMICs 28

Glare sensitivity 3 HICs 3

Visual field impairment 14 HICs; 6 LMICs 20

Other* 13 HICs; 6 LMICs 19

Driving cessation Glaucoma 12 HICs; 1 LMIC 13

Cataract 5 HICs 5

AMD 5 HICs 5

Contrast sensitivity 8 HICs 8

Visual acuity 18 HICs 18

Glare sensitivity 3 HICs 3

Visual field impairment 8 HICs 8

Other† 11 HICs 11

*Unilateral vision impairment, general vision impairment, retinopathy, retinal detachment, poor visibility, refractive disorder, monocular vision 
impairment, hyperopia, amblyopia, diplopia, astigmatism, retinitis pigmentosa, stereoacuity.
†Dark adaptation, age- related maculopathy, detached retina, non- refractive vision impairment, self- reported vision loss, retinal haemorrhage, 
uncorrected refractive error.
AMD, age- related macular degeneration; HIC, high- income country; LMIC, low/middle- income country.

Table 3 Breakdown of studies reporting on a vision- related intervention by intervention type, vision impairment and outcome 
measure

Intervention Vision impairment Driving outcome Region (HIC/LMIC) Studies (n)

Anti- VEGF injections AMD Driving cessation 1 HIC 1

Diabetic macular oedema 1 HIC 1

Cataract surgery Cataract Motor vehicle crash 6 HICs 6

Driving cessation 2 HICs 2

Corrective lenses Refractive error Motor vehicle crash 1 HIC 1

Anti- glaucoma therapy Glaucoma Driving cessation 1 HIC 1

AMD, age- related macular degeneration; anti- VEGF, anti- vascular endothelial growth factor; HIC, high- income country; LMIC, low/middle- 
income country.
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driving cessation. From figure 2, it can be seen that asso-
ciations reported for eye diseases and measures of vision 
function were more consistent across studies looking 
at cessation compared with crashes. When considering 
vision- related interventions, only cataract surgery was 
shown to improve driving by minimising crash risk. 
The benefits of anti- vascular endothelial growth factor 
(VEGF) injections on prolonging driving were more 
inconclusive and found to only help drivers with AMD 
but not diabetic macular oedema (DMO). However as a 
whole, the evidence from the literature on associations 
between vision impairment and crashes and cessation is 
mostly inconclusive and or mixed.

Associations between eye diseases and conditions/measures 
of vision loss and MVCs
The results were mixed (16 studies, n=21 214 partic-
ipants) for associations between glaucoma and 
MVCs.24 30 38 41 43 45 46 52 54 65 67–72 As illustrated in online 
supplemental appendix 5A, meta- analyses found a glau-
coma diagnosis to not increase the risk of any MVC 
involvement (OR 1.27 (95% CI 0.67 to 2.42); p=0.47); 
however, this estimate has a wide CI limiting the power to 
investigate this association.24 30 38 43 72 Other studies were 
excluded from the meta- analysis as there was no similarity 
on the comparators used, how glaucoma was categorised 
(mild vs severe, unilateral vs bilateral) and the crash 
outcomes investigated (any MVC involvement, injurious 
vs non- injurious, at fault). Similarly, meta- analyses on 
three studies24 30 43 looking at at- fault crashes also found 
no difference between drivers with and without glaucoma 
(RR 1.89 (95% CI 0.40 to 8.86); p=0.42). Increased risk 
was evident with more severe glaucoma.30 38 43 46 52 65 69 70

Out of the eight cataract studies (n=18 883) identi-
fied,24 40 41 45 54 56 57 72 most found self- reported, physician- 
diagnosed cataracts did not impact the likelihood of any 
type of MVC involvement. Meta- analysis suggests that was 
no increased risk (online supplemental appendix 5A; OR 
1.15 (95% Cl 0.97 to 1.36); p=0.11)24 40; however, this was 
underpowered with only two studies used for analysis. 
At- fault crash involvement was investigated by two studies; 
however, only one reported significant associations.24 56

Meta- analysis could not be conducted on any studies 
looking at drivers with either AMD (five studies, 
n=4150)24 41 44 64 66 or DR (three studies, n=4353)24 45 54; 
however, no studies found increased risk of MVC. No 
studies were meta- analysed as studies on AMD all had 
different comparators or different grades of AMD and 
MVC types, while studies on DR had different compara-
tors and looked at different crash outcomes.

Impairments in stereopsis were not found to increase 
the risk of MVC involvement across the five studies iden-
tified (n=3253).22 33 40 51 75 Meta- analysis on three studies 
showed no difference in crash involvement between those 
with and without stereopsis impairment (online supple-
mental appendix 5A; RR 1.03 (95% CI 0.86 to 1.23); 
p=0.74).22 40 51

Summary of studies on myopia (four studies, 
n=2039)22 23 41 74 also found no increased risk of MVC 
involvement. A combination of two of these studies in 
meta- analysis (online supplemental appendix 5A) also 
did not find evidence of an association (OR 0.76 (95% CI 
0.34 to 1.70); p=0.51),22 74 noting limitation of sample size 
for concrete conclusions to be made. One study investi-
gating persons with night myopia reported slightly more 
night- time MVCs in these drivers than those without night 
myopia (p=0.044).23

Colour vision deficiency and the risk of MVC involve-
ment among commercial truck drivers were investigated 
in eight studies (n=7916)15 21 22 34 51 53 59 77; seven set in 
LMICs. Three studies found an association15 51 59; however, 
their results were not combined due to reliance on Ishi-
hara plates which do not reliably diagnose colour vision 
deficiency.

VA (28 studies, n=39 129) was not found to 
be associated with crash involvement by 19 
studies,17 20 22 24 27–29 31 33–36 38 40 41 45 50–54 57 63 68 69 73 75 77 80 
irrespective of crash scenario (at fault or not at fault) and 
severity (injurious or non- injurious). Bilateral VA 20/40 
or worse may impact risk of MVCs (meta- analysis five 
studies; RR 1.21 (95% CI 1.02 to 1.43); p=0.03).27 31 40 73 77 
Combining two studies found no evidence for an associ-
ation with ‘not- at- fault’ MVCs (RR 1.08 (95% CI 0.74 to 
1.60); p=0.68) (online supplemental appendix 5A)27 31; 
however, there was limited power to explore associations.

Mixed results were reported from 13 studies 
(n=17 941) looking at any MVC involvement and reduced 
CS.24 27 31 35 38 40 54 57 58 73 However, due to heterogeneity 
in outcome measures reported and definition of reduced 
CS, the meta- analysis in online supplemental appendix 
5A was restricted to only two studies which found CS 

Figure 2 Network diagram illustrating strength of 
association of vision impairment with motor vehicle crashes 
and driving cessation found by narrative summaries. 
Consistent associations of an increased risk of the driving 
outcome=solid blue line with an arrowhead; inconsistent 
associations of either an increased risk or no risk of the 
driving outcome=dashed blue line with an arrowhead; 
consistent associations of a decreased risk of the driving 
outcome=solid blue line with a closed circle; inconsistent 
associations of a decreased risk or no change in risk of the 
driving outcome=dashed blue line with a closed circle; no 
associations found with the driving outcome=solid red line. 
AMD, age- related macular degeneration; anti- VEGF, anti- 
vascular endothelial growth factor; DR, diabetic retinopathy.
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to increase crash risk (RR 1.40 (95% CI 1.08 to 1.80); 
p=0.01).31 79 When photopic and mesopic areas under 
the log CS were investigated with any and at- fault crash 
involvement, only lower mesopic peaks were found to be 
predictive.58

From the 20 studies (n=13 533) looking at visual field 
(VF) loss and crashes, heterogeneity in the definition of 
VF loss and the crash outcomes investigated meant that 
only four were meta- analysed. The results suggest an 
increased risk of MVC with bilateral field loss (RR 1.51 
(95% CI 1.23 to 1.85); p<0.001) (online supplemental 
appendix 5A).32 51 77 79 There were mixed results with 9 of 
20 studies finding an increased risk,31 32 38 42 54 73 77–79 1 of 
20 an association for a collinear dependent variable19 and 
10 of 20 a null finding.16 17 33 34 37 51 53 59 68 69 The increased 
risks were found in association with severe, bilateral VF 
loss and field loss affecting both central and peripheral 
vision.

Most studies on glare sensitivity impairments (three 
studies, n=3191) found weak to no associations with crash 
risk54 57 73; they were unable to be meta- analysed.

Nineteen studies (n=1 00 167) reported on other 
impairments including: unilateral vision impairment,18 
general vision impairment,21 25 28 39 41 59 61 74 76 80 81 non- DR,41 
retinal detachment,72 other retinal disorders,41 refractive 
disorder,41 monocular vision impairment,41 50 presby-
opia,41 74 hyperopia,22 74 amblyopia,18 60 diplopia,41 astig-
matism,22 41 retinitis pigmentosa26 and stereoacuity.54 73 
Most did not find associations with MVCs; however, one 
study from the USA reported increased injurious MVC 
involvement with impaired stereoacuity.54 Another study 
in the UK reported increased MVC involvement with 
moderate/severe amblyopia,41 while two other studies, 
one in Ethiopia21 and the other in Bangladesh,74 reported 
increased MVC involvement with self- reported bilateral 
visual impairment.

Impact of vision-related interventions on MVCs
Most of the six studies (n=592 897) on cataract surgery 
found the risk of MVC to decrease following cataract 
surgery,41 47–49 55 62 and the three studies suitable for meta- 
analysis estimated the risk to halve (RR 0.55 (95% CI 
0.34 to 0.92); p=0.02) (online supplemental appendix 
5A).47 48 55 Greater reductions to crash risk are seen after 
first eye surgery compared with second eye.47 Similarly, 
the risk of crashing in males post- surgery is lower than 
females.49

Corrective lenses for far and near vision refractive disor-
ders were only investigated by one study which found no 
associations with crash risk.41

Associations between eye diseases and conditions/measures 
of vision loss and driving cessation
There were 13 studies (n=21 939) investigating associ-
ations between glaucoma and the likelihood of driving 
cessation with estimates ranging from an increased risk 
of 1.3 to increased odds of 4.70–72 87 91 92 99 100 103 109–111 113 
The meta- analysis in online supplemental appendix 5B 

suggests a diagnosis of glaucoma to increase the risk 
of driving cessation by 63% (95% CI 1.20% to 2.19%; 
p<0.01)87 91; however, this analysis only contained two 
studies.

Four studies (n=14 402) looked at cataract and driving 
cessation with three studies reporting an increased likeli-
hood of driving cessation by over 1.5 times; none could be 
meta- analysed.72 99 100 106

From the five studies (n=6183) identified,85 87 99 106 108 
three found the presence of AMD to be predictive of 
driving cessation, with meta- analysis on three suitable 
studies reporting the overall risk of cessation to increase 
by 2.21 (95% CI 1.47 to 3.31; p<0.01) (online supple-
mental appendix 5B).85 87 108

Even though the 18 identified studies (n=23 712) 
were highly heterogeneous,73 82 86–88 90 91 94–98 103–106 110 111 
impaired or ‘poor’ VA was shown to increase the chances 
of driving cessation in most studies,87 103 104 106 111 with 
better VA decreasing the risk of cessation by up to 70%.90 
The two studies looking at VA in persons with glaucoma 
had mixed conclusions on the effect of VA on driving 
cessation.95 110

Eight studies (n=9602) looked at the impact of CS on 
driving cessation.73 88 94 96 97 103 106 111 From the studies 
which categorised CS as ‘poor’, meta- analysis found poor 
CS to increase the risk of cessation (RR 1.30 (95% CI 
1.05 to 1.61); p=0.02) (online supplemental appendix 
5B).94 96 106 Another study reported participants who had 
a decline of six or more letters in their CS levels after 
2 years, as measured by a Pelli- Robson chart, to have a 
71% increased risk of driving cessation.88

VF loss and driving cessation were investigated by eight 
studies (n=7988),88 94–97 103 105 111 and all but one found 
associations.105 The likelihood of cessation was generally 
greater with bilateral and or more severe field loss.88 94 111 
One study looking at persons with bilateral glaucoma 
found VF loss to double the odds of cessation.103

Glare sensitivity (three studies, n=5577) was not found 
to be consistently associated with driving cessation.88 91 110

Eleven studies (n=12 897) looked at driving cessation 
with other types of vision impairment: dark adapta-
tion,110 age- related maculopathy,86 retinal detachment,85 
non- refractive vision impairment,112 general vision 
loss,85 89 93 98 100 114 115 retinal haemorrhage85 and uncor-
rected refractive error.97 112 Only two studies, one 
reporting on retinal haemorrhage85 and the other on 
non- refractive vision impairment and uncorrected refrac-
tive error,112 found increased risk of driving cessation.

Impact of vision-related interventions on driving cessation
There were two studies reporting the driving status of 
participants after anti- VEGF therapy (0.5 mg ranibi-
zumab) from four different RCTs: MARINA (n=716; 24 
months; control=sham injections) and ANCHOR (n=423; 
24 months; control=photodynamic therapy (PDT)) which 
targeted AMD,83 and RIDE/RISE (n=759; 24 months; 
control=sham injections) and RESTORE (n=345; 12 
months; control=PDT) which targeted DMO.84 By the 
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end of all four trials, only drivers with AMD but not DMO 
treated with anti- VEGF were shown to have marked differ-
ences with the control group for the number of people 
who continued driving from baseline (AMD: MARINA: 
p=0.035, ANCHOR: p=0.002; DMO: RIDE/RISE: p=0.655, 
RESTORE: p=0.125).

Both studies (n=1021) looking at driving status after 
cataract surgery reported an increase in the proportion 
of participants driving after successful surgery.101 102

There was only one study (n=240) looking at driving 
after anti- glaucoma therapy (pilocarpine–epineph-
rine)107; however, this is an old study and this treatment is 
no longer in use.

DISCUSSION
This review synthesises diverse and complex evidence 
from 101 studies examining vision and its impact on 
MVCs and driving cessation across all ages. The majority 
of studies in this review focused on older adults and 
reported more associations between vision impairment 
and MVCs and or cessation compared with studies on 
younger populations. Research was mostly observational 
with few studies examining the impact of interventions 
to improve vision. The studies excluded from the meta- 
analysis tended to have mixed results regarding the 
associations between the vision impairment and driving 
outcome, whereas the studies in the meta- analyses were 
more consistent showing definitive associations for VA, 
CS and VF defects. Nonetheless, the mixed results in the 
narrative summaries however support the emerging idea 
of adding visual processing and cognitive tests alongside 
visual assessments to produce more predictive measures 
of safe driving.116 When looking at the vision- related 
interventions, cataract surgery was shown to halve the risk 
of crashing. Others have reported that following cataract 
surgery, driving difficulties, such as self- reported night 
driving ability, reduced by 88%117 with improvements in 
CS linked to these changed perceptions.118

Variability in the relationships between vision and MVCs 
may be due to several reasons. The first set of reasons 
surrounds how MVCs are defined and investigated in the 
literature. First, there are many different MVC scenarios 
based on the driver’s role (at fault or not) and severity 
(injurious or non- injurious) which are not always differ-
entiated in research studies. MVCs are also studied in a 
variety of ways from self- reports to analyses of large crash 
databases. This may cause reliability issues. For example, 
an American study found agreement between these two 
collection methods was poor when examining the total 
MVCs over a 3- year period.119 Crashes can also stem 
from external and vehicular factors which make drawing 
conclusions solely based on human factors inappro-
priate.120 Self- regulation, jurisdictional control on vision 
standards for licensing and driving cessation could all 
mitigate the risk of crash involvement. The second set of 
reasons has to do with the vision impairment themselves 
and the severity of the impairment. The studies which 

reported increased crash risk, associated with diagnosis 
of an eye disease, evaluated more severe forms of the 
disease and worse functions of vision. Studies examining 
impact of a diagnosis of a disease tended to report no 
associations. For example, the lack of association between 
a diagnosis of cataract and MVC could be because the 
cataract is mild and is not having a significant impact on 
CS. A parallel review from our group has found greater 
defects in these measures to worsen driving performance 
and increase errors, which can theoretically lead to more 
crashes.121 It is therefore critical to capture the severity 
of an eye disease and/or the actual level of vision impair-
ment when investigating the impact of disease status 
on crash risk. As seen in this review, even though glau-
coma, cataract and AMD had mixed or no associations 
with crashing, their corresponding measures of vision, 
mainly VF, CS and VA, respectively, were definitively asso-
ciated. This may be why associations found between vision 
impairment and driving cessation were strong and consis-
tent. A diagnosis of glaucoma or AMD, and poor CS were 
all found to increase the risk of driving cessation. Anti- 
VEGF injections could prolong driving for people with 
AMD. This is of importance as older adults greatly value 
independent mobility and regard driving as a vital activity 
for daily living.122 123 With driving cessation linked towards 
multiple negative health outcomes in older adults,4 anti- 
VEGF injections can have wider health benefits beyond 
direct impact on vision.

This review also highlights the paucity of research from 
LMICs despite approximately 93% of all road traffic- 
related deaths occurring in these countries, particularly 
in Africa and among young road users.2 Despite the 
UN’s push, most LMICs still lag behind the SDG targets 
on halving road traffic mortality set in the Decade of 
Action for Road Safety (2011–2020).124 Previous system-
atic reviews point towards legislation- based interventions 
which modify behaviour, such as seat- belt and helmet use, 
to be the most effective at reducing road injuries and 
crash rates in LMICs.125 126 These interventions are in line 
with UN recommendations for improving infrastructure, 
vehicle safety standards and safe road user behaviours in 
order to reach the targets set for SDGs 3.6 and 11.2.127 
However, there is no mention of licensing standards 
which need to be addressed as motorisation increases 
worldwide. Evidence from this global review supports 
vision standards for licensing to be updated, enforced 
and given higher priority in LMICs. Even though most 
LMICs do have guidelines on vision, especially for 
commercial drivers, it is apparent from the studies in this 
review that many drivers unfortunately do not satisfy these 
conditions. This may be because many people in LMICs 
lack access to eye healthcare services. The evidence for 
a corresponding increase in MVCs in LMICs is not well 
established with only one systematic review identified 
looking at data from these regions.77 Though data from 
HICs can inform research and policy development in 
LMICs, increasing the evidence base from LMICs will 
ensure that interventions to reduce MVCs and maintain 
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access to driving in LMICs can be reflective of the local 
context.

Older drivers tend to self- regulate their driving habits 
by reducing their driving mileage and radius and avoiding 
high- risk driving situations.128 Vision impairments have 
been reported to increase the likelihood of self- regulation 
by 19%,129 with older drivers who self- rate their vision as 
‘poor’ 15 times more likely to modify their driving than 
those who regard their vision as ‘excellent’.123 Our find-
ings are consistent with these patterns of self- regulation, 
and a diagnosis of AMD or glaucoma was found in this 
review to be associated with driving cessation. It is likely 
that self- regulation is an intermediate step towards 
driving cessation encompassing reductions in driving 
frequencies and distance.130 However, self- regulation has 
been reported as an insufficient compensatory measure 
to reduce crash risk among older drivers with a vision 
impairment,131 132 which would therefore explain why 
glaucoma, particularly more severe glaucoma, was still 
linked with crashes in some studies. The relationship 
between crash involvement and AMD, however, was 
inconclusive. This may be because AMD affects central 
vision, thus making declines in this field easily noticeable 
allowing individuals to appropriately adapt their driving 
behaviours. Laboratory studies simulating central vision 
impairments show negative impacts on driving perfor-
mance and safety, particularly with increasing age and 
distraction.133 Further research is needed on driving 
patterns and behaviours of individuals with eye diseases.

Few studies, all from LMICs, in this review reported 
associations between colour vision deficiency and crash 
risk. Unfortunately, based on their high risk of bias, 
these studies were deemed unsuitable for meta- analysis. 
This does not mean, however, that their results should 
be dismissed. Previous simulation studies found persons 
with colour vision deficiency performed worse in driving 
simulations compared with those with normal colour 
vision.134–136 However, these associations have not always 
been evident in studies of MVC risk.137 This might be 
why recommendations proposed by the Commission 
Internationale de l’Eclairage, the international authority 
on lighting and signal lights, are for commercial drivers 
only.135 Associations found in LMICs highlight issues 
regarding poor road infrastructure and lighting stan-
dards.138 Further research is needed, with standardised 
diagnosis of colour vision deficiency and consideration of 
improvements to lighting and signals in the road environ-
ment in LMICs.

This review summarises global data on different eye 
diseases, declines in vision function and vision- related 
interventions, which makes the findings applicable 
worldwide considering motorisation and ongoing issues 
of vision loss, particularly in older people. There are, 
however, limitations which should be acknowledged. 
This review highlights the highly heterogeneous nature 
of research investigating the impact of vision on driving 
which unfortunately presented several methodological 
limitations. First, only a small number of studies could be 

synthesised for meta- analyses due to differences in study 
design. The underpowered meta- analyses meant that 
no absolute conclusions can be made from these results 
alone. It is therefore imperative that the meta- analyses 
results be considered alongside the narrative summaries 
to gain a full picture of the literature in this field. Further, 
this review did not consider how comorbidities, along-
side vision impairment, can impact the risk of crash and 
driving cessation. Older adults with a vision impairment 
have been found to be twice as likely than those without 
a vision impairment to have five or more physical and/
or cognitive comorbidities.139 It is possible that the associ-
ation with vision is confounded by the impact of comor-
bidities. Unfortunately, not all the studies included in 
this review reported on the comorbidities of their partic-
ipants, limiting our ability to explore this possible source 
of bias and the extent to how this might have explained 
the heterogeneity of the pooled estimates via meta- 
regression. There were great variations in the comparator 
group used in each study and there were inconsistent cut- 
off points among studies looking at continuous measures 
of vision function. This heterogeneity also prevented 
subgroup analyses comparing younger with older age 
groups and geographical regions. Clinical and method-
ological heterogeneity could not be investigated, even 
though details on participant characteristics, relevant 
interventions and study designs were collected, due 
to the small number of studies included in each meta- 
analysis. Looking at these parameters, however, might 
have explained the high statistical heterogeneity in select 
meta- analyses. The published meta- analysis, however, was 
summarised narratively to ensure duplicate studies were 
not included in this evidence synthesis. Grey literature 
and non- English studies were not included which may 
have introduced publication bias and limited the number 
of studies identified from LMICs. Future research incor-
porating these areas may provide a clearer picture on how 
vision impairment is affecting global road safety.

In conclusion, this review summarises the global liter-
ature on the impact of vision and vision- related inter-
ventions on driving as part of the Lancet Global Health 
Commission on Global Eye Health. Select measures of 
vision impairment such as VF, VA and CS loss, and eye 
diseases such as glaucoma and AMD, were found to be 
associated with either crashes or driving cessation, while 
interventions such as cataract surgery and anti- VEGF 
injections mitigated these outcomes. However, the current 
literature is highly heterogeneous, and more studies are 
needed from LMICs to ensure what is known about vision 
and driving in these settings. Future studies should aim 
to address these issues to allow for the global context of 
vision impairment and driving safety to be better docu-
mented, which may assist in the achievement of the UN’s 
SDG road safety targets.

Author affiliations
1School of Optometry and Vision Science, University of New South Wales, Sydney, 
New South Wales, Australia

and. P
rotected by copyright.

 on F
ebruary 6, 2024 at T

he Librarian London S
chool of H

ygiene
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065210 on 11 A

ugust 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


9Nguyen H, et al. BMJ Open 2023;13:e065210. doi:10.1136/bmjopen-2022-065210

Open access

2George Institute for Global Health, The University of New South Wales, Sydney, New 
South Wales, Australia
3Department of Business Economics, Health and Social Care, University of Applied 
Sciences and Arts of Southern Switzerland, Manno, Switzerland
4School of Health Sciences, and the Translational Health Research Institute, Western 
Sydney University- Campbelltown Campus, Campbelltown, New South Wales, 
Australia
5International Centre for Eye Health, London School of Hygiene and Tropical 
Medicine, London, UK
6School of Optometry and Vision Science, University of Auckland, Auckland, New 
Zealand
7National Institute for Health Research Biomedical Research Centre for 
Ophthalmology, Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of 
Ophthalmology, London, UK
8Division of Ophthalmology, Universidade de São Paulo Faculdade de Medicina de 
Ribeirão Preto, Ribeirao Preto, São Paulo, Brazil
9Ophthalmology Department, Queen Elizabeth Central Hospital, Blantyre, Southern 
Region, Malawi
10Ophthalmology Department, University of Rwanda College of Medicine and Health 
Sciences, Kigali, Rwanda

Twitter Kristy Coxon @KristyCoxon and Gatera Fiston Kitema @gatera_f_kitema

Contributors HN, LK and JR conceived the idea for the review. IG constructed the 
search. Title and abstract screening and data extraction were completed by HN, KR, 
JR, JHZ, JF, SM and GFK. HN drafted and revised the manuscript with suggestions 
from LK, JR, JB, KC, GLDT, KR, MJB, JHZ, IG, JF, SM and GFK who received the 
manuscript and provided feedback on the draft. LK acted as the guarantor of the 
manuscript. The final version of the manuscript was approved by all authors.

Funding HN is supported by the Australian Government Research Training 
Program (RTP) Scholarship (N/A). MJB is supported by the Wellcome Trust 
(207472/Z/17/Z). JR’s appointment at the University of Auckland is funded by the 
Buchanan Charitable Foundation (N/A), New Zealand. The Lancet Global Health 
Commission on Global Eye Health was supported by grants from the Queen 
Elizabeth Diamond Jubilee Trust (N/A), Moorfields Eye Charity (GR001061), NIHR 
Moorfields Biomedical Research Centre (N/A), the Wellcome Trust (20190426_
PH2), Sightsavers (N/A), the Fred Hollows Foundation (N/A), SEVA Foundation 
(N/A), British Council for the Prevention of Blindness (N/A) and the Christian Blind 
Mission (N/A).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplemental information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Helen Nguyen http://orcid.org/0000-0002-5285-1507
Kristy Coxon http://orcid.org/0000-0003-4820-0397
Jacqueline Ramke http://orcid.org/0000-0002-5764-1306
Justine H Zhang http://orcid.org/0000-0001-8385-2003

REFERENCES
 1 Acker A, Jari K. How transport demand will change through 

2050. 2019. Available: https://www.oecd-ilibrary.org/sites/transp_ 
outlook-en-2019-en/1/1/4/index.html?itemId=/content/publication/ 
transp_outlook-en-2019-en&_csp_=1b3375008054c148f41fef71 
cd42b552&itemIGO=oecd&itemContentType=book

 2 World Health Organisation. Road traffic injuries. 2020. Available: 
https://www.who.int/news-room/fact-sheets/detail/road-traffic- 
injuries

 3 United Nations. #Envision2030: 17 goals to transform the world 
for persons with disabilities. 2015. Available: https://www.un.org/ 
development/desa/disabilities/envision2030.html

 4 Chihuri S, Mielenz TJ, DiMaggio CJ, et al. Driving cessation and 
health outcomes in older adults. J Am Geriatr Soc 2016;64:332–41. 

 5 Owsley C, Ball K, Sloane ME, et al. Visual/cognitive correlates of 
vehicle accidents in older drivers. Psychol Aging 1991;6:403–15. 

 6 Wood JM, Black AA. Ocular disease and driving. Clin Exp Optom 
2016;99:395–401. 

 7 Bohensky M, Charlton J, Odell M, et al. Implications of vision 
testing for older driver licensing. Traffic Inj Prev 2008;9:304–13. 

 8 Yan MK, Kumar H, Kerr N, et al. Transnational review of visual 
standards for driving: how Australia compares with the rest of the 
world. Clin Exp Ophthalmol 2019;47:847–63. 

 9 Burton MJ, Ramke J, Marques AP, et al. The lancet global health 
commission on global eye health: vision beyond 2020. Lancet Glob 
Health 2021;9:e489–551. 

 10 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for 
systematic review and meta- analysis protocols (PRISMA- P) 2015: 
elaboration and explanation. BMJ 2015;350:g7647. 

 11 Nguyen H, Di Tanna GL, Coxon K, et al. Associations between 
vision impairment and driving and the effectiveness of vision- related 
interventions: protocol for a systematic review and meta- analysis. 
BMJ Open 2020;10:e040881. 

 12 Univeristy of Adelaide. Critical appraisal tools N/A. n.d. Available: 
https://joannabriggs.org/ebp/critical_appraisal_tools

 13 Campbell M, McKenzie JE, Sowden A, et al. Synthesis without 
meta- analysis (swim) in systematic reviews: reporting guideline. 
BMJ 2020;368:l6890. 

 14 Stroup DF, Berlin JA, Morton SC, et al. Meta- analysis of 
observational studies in epidemiology: a proposal for reporting. 
meta- analysis of observational studies in epidemiology (MOOSE) 
group. JAMA 2000;283:2008–12. 

 15 Abebe Y, Wondmikun Y. Defective color perception among 
car drivers in Addis Ababa, Ethiopia. Traffic Injury Prevention 
2002;3:294–7. 

 16 Abraham EG, Ezepue UF, Umeh RE, et al. Causes of visual 
impairment among commercial motor vehicle drivers in Uyo 
metropolis, Akwa Ibom state, Nigeria. Orient J Med 2010;22:1 

 17 Adekoya BJ, Owoeye JFA, Adepoju FG, et al. Visual function survey 
of commercial intercity vehicle drivers in Ilorin, Nigeria. Can J 
Ophthalmol 2009;44:261–4. 

 18 Baker JM, Drews- Botsch C, Pfeiffer MR, et al. Driver licensing and 
motor vehicle crash rates among young adults with amblyopia and 
unilateral vision impairment. J AAPOS 2019;23:230–2. 

 19 Ball K, Owsley C, Sloane ME, et al. Visual attention problems as a 
predictor of vehicle crashes in older drivers. Invest Ophthalmol Vis 
Sci 1993;34:3110–23.

 20 Bekibele CO, Fawole OI, Bamgboye AE, et al. Prevalence of 
refractive error and attitude to spectacle use among drivers of 
public institutions in Ibadan, Nigeria. Ann Afr Med 2007;6:26–30. 

 21 Biza M, Mossie A, Woldemichael K, et al. Visual impairment and 
road traffic accidents among drivers in Jimma town, Southwest 
Ethiopia. Ethiop Med J 2013;51:123–32.

 22 Boadi- Kusi SB, Kyei S, Asare FA, et al. Visual function among 
commercial vehicle drivers in the central region of Ghana. J Optom 
2016;9:54–63. 

 23 Cohen Y, Zadok D, Barkana Y, et al. Relationship between night 
myopia and night- time motor vehicle accidents. Acta Ophthalmol 
Scand 2007;85:367–70. 

 24 Cross JM, McGwin G, Rubin GS, et al. Visual and medical risk 
factors for motor vehicle collision involvement among older drivers. 
Br J Ophthalmol 2009;93:400–4. 

 25 Emerole CG, Nneli RO. Visual indices of motor vehicle drivers 
in relation to road safety in Nigeria. Niger J Physiol Sci 
2013;28:57–62.

 26 Fishman GA, Anderson RJ, Stinson L, et al. Driving performance of 
retinitis pigmentosa patients. Br J Ophthalmol 1981;65:122–6. 

 27 Green KA, McGwin G, Owsley C. Associations between visual, 
hearing, and dual sensory impairments and history of motor 
vehicle collision involvement of older drivers. J Am Geriatr Soc 
2013;61:252–7. 

and. P
rotected by copyright.

 on F
ebruary 6, 2024 at T

he Librarian London S
chool of H

ygiene
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065210 on 11 A

ugust 2023. D
ow

nloaded from
 

https://twitter.com/KristyCoxon
https://twitter.com/gatera_f_kitema
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5285-1507
http://orcid.org/0000-0003-4820-0397
http://orcid.org/0000-0002-5764-1306
http://orcid.org/0000-0001-8385-2003
https://www.oecd-ilibrary.org/sites/transp_outlook-en-2019-en/1/1/4/index.html?itemId=/content/publication/transp_outlook-en-2019-en&_csp_=1b3375008054c148f41fef71cd42b552&itemIGO=oecd&itemContentType=book
https://www.oecd-ilibrary.org/sites/transp_outlook-en-2019-en/1/1/4/index.html?itemId=/content/publication/transp_outlook-en-2019-en&_csp_=1b3375008054c148f41fef71cd42b552&itemIGO=oecd&itemContentType=book
https://www.oecd-ilibrary.org/sites/transp_outlook-en-2019-en/1/1/4/index.html?itemId=/content/publication/transp_outlook-en-2019-en&_csp_=1b3375008054c148f41fef71cd42b552&itemIGO=oecd&itemContentType=book
https://www.oecd-ilibrary.org/sites/transp_outlook-en-2019-en/1/1/4/index.html?itemId=/content/publication/transp_outlook-en-2019-en&_csp_=1b3375008054c148f41fef71cd42b552&itemIGO=oecd&itemContentType=book
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries
https://www.un.org/development/desa/disabilities/envision2030.html
https://www.un.org/development/desa/disabilities/envision2030.html
http://dx.doi.org/10.1111/jgs.13931
http://dx.doi.org/10.1037//0882-7974.6.3.403
http://dx.doi.org/10.1111/cxo.12391
http://dx.doi.org/10.1080/15389580801895277
http://dx.doi.org/10.1111/ceo.13572
http://dx.doi.org/10.1016/S2214-109X(20)30488-5
http://dx.doi.org/10.1016/S2214-109X(20)30488-5
http://dx.doi.org/10.1136/bmj.g7647
http://dx.doi.org/10.1136/bmjopen-2020-040881
https://joannabriggs.org/ebp/critical_appraisal_tools
http://dx.doi.org/10.1136/bmj.l6890
http://dx.doi.org/10.1001/jama.283.15.2008
http://dx.doi.org/10.1080/15389580214622
http://dx.doi.org/10.4314/ojm.v22i1-4.63580
http://dx.doi.org/10.3129/i09-049
http://dx.doi.org/10.3129/i09-049
http://dx.doi.org/10.1016/j.jaapos.2019.01.009
http://dx.doi.org/8407219
http://dx.doi.org/8407219
http://dx.doi.org/10.4103/1596-3519.55734
http://dx.doi.org/24079156
http://dx.doi.org/10.1016/j.optom.2015.06.004
http://dx.doi.org/10.1111/j.1600-0420.2006.00875.x
http://dx.doi.org/10.1111/j.1600-0420.2006.00875.x
http://dx.doi.org/10.1136/bjo.2008.144584
http://dx.doi.org/23955408
http://dx.doi.org/10.1136/bjo.65.2.122
http://dx.doi.org/10.1111/jgs.12091
http://bmjopen.bmj.com/


10 Nguyen H, et al. BMJ Open 2023;13:e065210. doi:10.1136/bmjopen-2022-065210

Open access 

 28 Gresset J, Meyer F. Risk of automobile accidents among elderly 
drivers with impairments or chronic diseases. Can J Public Health 
1994;85:282–5.

 29 Gresset JA, Meyer FM. Risk of accidents among elderly car drivers 
with visual acuity equal to 6/12 or 6/15 and lack of binocular vision. 
Ophthalmic Physiol Opt 1994;14:33–7. 

 30 Haymes SA, LeBlanc RP, Nicolela MT, et al. Risk of falls and 
motor vehicle collisions in glaucoma. Invest Ophthalmol Vis Sci 
2007;48:1149. 

 31 Huisingh C, Levitan EB, Irvin MR, et al. Visual sensory and visual- 
cognitive function and rate of crash and near- crash involvement 
among older drivers using naturalistic driving data. Invest 
Ophthalmol Vis Sci 2017;58:2959. 

 32 Huisingh C, McGwin G, Wood J, et al. The driving visual field and 
a history of motor vehicle collision involvement in older drivers: 
a population- based examination. Invest Ophthalmol Vis Sci 
2014;56:132–8. 

 33 Humphriss D. Three South African studies on the relation between 
road accidents and drivers' vision. Ophthalmic Physiol Opt 
1987;7:73–9. 

 34 Isawumi MA, Adeoti CO, Ubah JN, et al. Ocular status of 
commercial drivers in Osun state, Nigeria. Afr J Med Med Sci 
2011;40:405–11.

 35 Ivers RQ, Mitchell P, Cumming RG. Sensory impairment and 
driving: the blue mountains eye study. Am J Public Health 
1999;89:85–7. 

 36 Keeffe JE, Jin CF, Weih LM, et al. Vision impairment and older 
drivers: who’s driving Br J Ophthalmol 2002;86:1118–21. 

 37 Kristalovich L, Ben Mortenson W. Visual field impairment and driver 
fitness: a 1- year review of crashes and traffic violations. Am J 
Occup Ther 2019;73:7305345010p1–6. 

 38 Kwon M, Huisingh C, Rhodes LA, et al. Association between 
glaucoma and at- fault motor vehicle collision involvement 
among older drivers: a population- based study. Ophthalmology 
2016;123:109–16. 

 39 Maag U, Vanasse C, Dionne G, et al. Taxi drivers' accidents: how 
binocular vision problems are related to their rate and severity in 
terms of the number of victims. Accid Anal Prev 1997;29:217–24. 

 40 Margolis KL, Kerani RP, McGovern P, et al. Risk factors for motor 
vehicle crashes in older women. J Gerontol A Biol Sci Med Sci 
2002;57:M186–91. 

 41 McCloskey LW, Koepsell TD, Wolf ME, et al. Motor vehicle collision 
injuries and sensory impairments of older drivers. Age Ageing 
1994;23:267–73. 

 42 McGwin G, Huisingh C, Jain SG, et al. Binocular visual field 
impairment in glaucoma and at- fault motor vehicle collisions. J 
Glaucoma 2015;24:138–43. 

 43 McGwin G Jr, Mays A, Joiner W, et al. Is glaucoma associated with 
motor vehicle collision involvement and driving avoidance Invest 
Ophthalmol Vis Sci 2004;45:3934. 

 44 McGwin G Jr, Mitchell B, Searcey K, et al. Examining the 
association between age- related macular degeneration and motor 
vehicle collision involvement: a retrospective cohort study. Br J 
Ophthalmol 2013;97:1173–6. 

 45 McGwin G, Sims RV, Pulley L, et al. 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. 

 46 McGwin G Jr, Xie A, Mays A, et al. Visual field defects and the risk 
of motor vehicle collisions among patients with glaucoma. Invest 
Ophthalmol Vis Sci 2005;46:4437. 

 47 Meuleners LB, Brameld K, Fraser ML, et al. The impact of first- 
and second- eye cataract surgery on motor vehicle crashes and 
associated costs. Age Ageing 2019;48:128–33. 

 48 Meuleners LB, Hendrie D, Lee AH, et al. The effectiveness of 
cataract surgery in reducing motor vehicle crashes: a whole 
population study using linked data. Ophthalmic Epidemiol 
2012;19:23–8. 

 49 Meuleners LB, Ng JQ, Fraser M, et al. Impact of gender on first eye 
cataract surgery and motor vehicle crash risk for older drivers. Clin 
Exp Ophthalmol 2012;40:591–6. 

 50 Ogbonnaya CE, Uro- Chukwu HC, Sunday- Adeoye I. Ocular 
health status and visual fitness of commercial drivers in Abakaliki 
metropolis, Nigeria. East Afr Med J 2018;95:1758–66.

 51 Oladehinde MK, Adeoye AO, Adegbehingbe BO, et al. Visual 
functions of commercial drivers in relation to road accidents in 
Nigeria. Indian J Occup Environ Med 2007;11:71–5. 

 52 Ono T, Yuki K, Asaoka R, et al. Glaucomatous visual field defect 
severity and the prevalence of motor vehicle collisions in Japanese: 
a hospital/clinic- based cross- sectional study. J Ophthalmol 
2015;2015:497067. 

 53 Ovenseri- Ogomo G, Adofo M. Poor vision, refractive errors and 
barriers to treatment among commercial vehicle drivers in the Cape 
coast municipality. Afr Health Sci 2011;11:97–102.

 54 Owsley C, McGwin G, Ball K. Vision impairment, eye disease, and 
injurious motor vehicle crashes in the elderly. Ophthalmic Epidemiol 
1998;5:101–13. 

 55 Owsley C, McGwin G, Sloane M, et al. Impact of cataract surgery 
on motor vehicle crash involvement by older adults. JAMA 
2002;288:841–9. 

 56 Owsley C, Stalvey B, Wells J, et al. Older drivers and cataract: 
driving habits and crash risk. J Gerontol A Biol Sci Med Sci 
1999;54:M203–11. 

 57 Owsley C, Stalvey BT, Wells J, et al. Visual risk factors for crash 
involvement in older drivers with cataract. Arch Ophthalmol 
2001;119:881–7. 

 58 Owsley C, Swain T, Liu R, et al. Association of photopic and 
mesopic contrast sensitivity in older drivers with risk of motor 
vehicle collision using naturalistic driving data. BMC Ophthalmol 
2020;20:47. 

 59 Pepple G, Adio A. Visual function of drivers and its relationship to 
road traffic accidents in urban Africa. Springerplus 2014;3:47. 

 60 Rahi JS, Cumberland PM, Peckham CS. Does amblyopia affect 
educational, health, and social outcomes? Findings from 1958 
British birth cohort. BMJ 2006;332:820–5. 

 61 Runge JW. Medical conditions and driver crash risk: do license 
restrictions affect public safety. Ann Emerg Med 2000;36:164–5. 

 62 Schlenker MB, Thiruchelvam D, Redelmeier DA. Association 
of cataract surgery with traffic crashes. JAMA Ophthalmol 
2018;136:998–1007. 

 63 Sims RV, Owsley C, Allman RM, et al. A preliminary assessment of 
the medical and functional factors associated with vehicle crashes 
by older adults. J Am Geriatr Soc 1998;46:556–61. 

 64 Szlyk JP, Pizzimenti CE, Fishman GA, et al. A comparison of 
driving in older subjects with and without age- related macular 
degeneration. Arch Ophthalmol 1995;113:1033–40. 

 65 Tanabe S, Yuki K, Ozeki N, et al. The association between 
primary open- angle glaucoma and motor vehicle collisions. Invest 
Ophthalmol Vis Sci 2011;52:4177–81. 

 66 Wood JM, Black AA, Mallon K, et al. Effects of age- related macular 
degeneration on driving performance. Invest Ophthalmol Vis Sci 
2018;59:273–9. 

 67 Wood JM, Black AA, Mallon K, et al. Glaucoma and driving: on- road 
driving characteristics. PLoS One 2016;11:e0158318. 

 68 Yuki K, Asaoka R, Tsubota K. The relationship between central 
visual field damage and motor vehicle collisions in primary open- 
angle glaucoma patients. PLoS One 2014;9:e115572. 

 69 Yuki K, Awano- Tanabe S, Ono T, et al. Risk factors for 
motor vehicle collisions in patients with primary open- angle 
glaucoma: a multicenter prospective cohort study. PLoS One 
2016;11:e0166943. 

 70 Adler G, Bauer MJ, Rottunda S, et al. Driving habits and patterns in 
older men with glaucoma. Soc Work Health Care 2005;40:75–87. 

 71 Deshmukh AV, Murthy GJ, Reddy A, et al. Older drivers and 
glaucoma in India: driving habits and crash risks. J Glaucoma 
2019;28:896–900. 

 72 Naredo Turrado J, Orriols L, Contrand B, et al. Chronic medical 
conditions and their association with crash risk and changes in 
driving habits: a prospective study of the GAZEL cohort. Inj Prev 
2021;27:17–23. 

 73 Rubin GS, Ng ESW, Bandeen- Roche K, et al. A prospective, 
population- based study of the role of visual impairment in motor 
vehicle crashes among older drivers: the SEE study. Invest 
Ophthalmol Vis Sci 2007;48:1483–91. 

 74 Ahmed M, Patnaik JL, Whitestone N, et al. Visual impairment and 
risk of self- reported road traffic crashes among bus drivers in 
Bangladesh. Asia Pac J Ophthalmol (Phila) 2022;11:72–8. 

 75 Alvarez- Peregrina C, Martinez- Perez C, Villa- Collar C, et al. 
Influence of vision on drivers: a pilot study. Int J Environ Res Public 
Health 2021;18:12116. 

 76 Crizzle AM, Toxopeus R, Alphonsus K. Medical conditions and 
crash risk in commercial motor vehicle drivers. J Occup Environ 
Med 2020;62:628–33. 

 77 Piyasena P, Olvera- Herrera VO, Chan VF, et al. Vision impairment 
and traffic safety outcomes in low- income and middle- income 
countries: a systematic review and meta- analysis. Lancet Glob 
Health 2021;9:e1411–22. 

 78 Swain TA, McGwin G, Wood JM, et al. Naturalistic driving 
techniques and Association of visual risk factors with at- fault 
crashes and near crashes by older drivers with vision impairment. 
JAMA Ophthalmol 2021;139:639–45. 

and. P
rotected by copyright.

 on F
ebruary 6, 2024 at T

he Librarian London S
chool of H

ygiene
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065210 on 11 A

ugust 2023. D
ow

nloaded from
 

http://dx.doi.org/7987754
http://dx.doi.org/10.1111/j.1475-1313.1994.tb00553.x
http://dx.doi.org/10.1167/iovs.06-0886
http://dx.doi.org/10.1167/iovs.17-21482
http://dx.doi.org/10.1167/iovs.17-21482
http://dx.doi.org/10.1167/iovs.14-15194
http://dx.doi.org/10.1016/0275-5408(87)90183-9
http://dx.doi.org/22783693
http://dx.doi.org/10.2105/ajph.89.1.85
http://dx.doi.org/10.1136/bjo.86.10.1118
http://dx.doi.org/10.5014/ajot.2019.030973
http://dx.doi.org/10.5014/ajot.2019.030973
http://dx.doi.org/10.1016/j.ophtha.2015.08.043
http://dx.doi.org/10.1016/s0001-4575(96)00075-9
http://dx.doi.org/10.1093/gerona/57.3.m186
http://dx.doi.org/10.1093/ageing/23.4.267
http://dx.doi.org/10.1097/IJG.0b013e3182a0761c
http://dx.doi.org/10.1097/IJG.0b013e3182a0761c
http://dx.doi.org/10.1167/iovs.04-0524
http://dx.doi.org/10.1167/iovs.04-0524
http://dx.doi.org/10.1136/bjophthalmol-2013-303601
http://dx.doi.org/10.1136/bjophthalmol-2013-303601
http://dx.doi.org/10.1093/aje/152.5.424
http://dx.doi.org/10.1167/iovs.05-0750
http://dx.doi.org/10.1167/iovs.05-0750
http://dx.doi.org/10.1093/ageing/afy156
http://dx.doi.org/10.3109/09286586.2011.628776
http://dx.doi.org/10.1111/j.1442-9071.2011.02751.x
http://dx.doi.org/10.1111/j.1442-9071.2011.02751.x
http://dx.doi.org/10.4103/0019-5278.34532
http://dx.doi.org/10.1155/2015/497067
http://dx.doi.org/21572864
http://dx.doi.org/10.1076/opep.5.2.101.1574
http://dx.doi.org/10.1001/jama.288.7.841
http://dx.doi.org/10.1093/gerona/54.4.m203
http://dx.doi.org/10.1001/archopht.119.6.881
http://dx.doi.org/10.1186/s12886-020-1331-7
http://dx.doi.org/10.1186/2193-1801-3-47
http://dx.doi.org/10.1136/bmj.38751.597963.AE
http://dx.doi.org/10.1016/S0196-0644(00)99000-0
http://dx.doi.org/10.1001/jamaophthalmol.2018.2510
http://dx.doi.org/10.1111/j.1532-5415.1998.tb01070.x
http://dx.doi.org/10.1001/archopht.1995.01100080085033
http://dx.doi.org/10.1167/iovs.10-6264
http://dx.doi.org/10.1167/iovs.10-6264
http://dx.doi.org/10.1167/iovs.17-22751
http://dx.doi.org/10.1371/journal.pone.0158318
http://dx.doi.org/10.1371/journal.pone.0115572
http://dx.doi.org/10.1371/journal.pone.0166943
http://dx.doi.org/10.1300/J010v40n03_05
http://dx.doi.org/10.1097/IJG.0000000000001333
http://dx.doi.org/10.1136/injuryprev-2019-043460
http://dx.doi.org/10.1167/iovs.06-0474
http://dx.doi.org/10.1167/iovs.06-0474
http://dx.doi.org/10.1097/APO.0000000000000471
http://dx.doi.org/10.3390/ijerph182212116
http://dx.doi.org/10.3390/ijerph182212116
http://dx.doi.org/10.1097/JOM.0000000000001914
http://dx.doi.org/10.1097/JOM.0000000000001914
http://dx.doi.org/10.1016/S2214-109X(21)00303-X
http://dx.doi.org/10.1016/S2214-109X(21)00303-X
http://dx.doi.org/10.1001/jamaophthalmol.2021.0862
http://bmjopen.bmj.com/


11Nguyen H, et al. BMJ Open 2023;13:e065210. doi:10.1136/bmjopen-2022-065210

Open access

 79 Swain TA, McGwin G, Wood JM, et al. Motion perception as a risk 
factor for motor vehicle collision involvement in drivers ≥ 70 years. 
Accid Anal Prev 2021;151:105956. 

 80 Vofo BN, Ayuk DA, Pe’er J, et al. Visual assessment of commercial 
drivers in the South West region of Cameroon. BMC Ophthalmol 
2021;21:148. 

 81 Wedenoja J, Kalsi J, Salenius S, et al. The role of vision- related 
problems in fatal road accidents in Finland. Acta Ophthalmol 
2021;99:427–30. 

 82 Anstey KJ, Windsor TD, Luszcz MA, et al. Predicting driving 
cessation over 5 years in older adults: psychological well- being and 
cognitive competence are stronger predictors than physical health. 
J Am Geriatr Soc 2006;54:121–6. 

 83 Bressler NM, Chang TS, Varma R, et al. Driving ability reported 
by neovascular age- related macular degeneration patients after 
treatment with ranibizumab. Ophthalmology 2013;120:160–8. 

 84 Bressler NM, Varma R, Mitchell P, et al. Effect of Ranibizumab 
on the decision to drive and vision function relevant to driving in 
patients with diabetic macular edema: report from RESTORE, RIDE, 
and RISE trials. JAMA Ophthalmol 2016;134:160–6. 

 85 Campbell MK, Bush TL, Hale WE. Medical conditions associated 
with driving cessation in community- dwelling, ambulatory elders. J 
Gerontol 1993;48:S230–4. 

 86 DeCarlo DK, Scilley K, Wells J, et al. Driving habits and health- 
related quality of life in patients with age- related maculopathy. 
Optom Vis Sci 2003;80:207–13. 

 87 Edwards JD, Ross LA, Ackerman ML, et al. Longitudinal predictors 
of driving cessation among older adults from the ACTIVE clinical 
trial. J Gerontol B Psychol Sci Soc Sci 2008;63:6–12. 

 88 Freeman EE, Muñoz B, Turano KA, et al. Measures of visual 
function and time to driving cessation in older adults. Optom Vis Sci 
2005;82:765–73. 

 89 Gallo JJ, Rebok GW, Lesikar SE. The driving habits of adults aged 
60 years and older. J Am Geriatr Soc 1999;47:335–41. 

 90 Garre- Olmo J, Pujol XP, Garriga OT, et al. Biopsychosocial 
differences between drivers and non- drivers over the age of 74. 
Arch Gerontol Geriatr 2009;49:355–9. 

 91 Gilhotra JS, Mitchell P, Ivers R, et al. Impaired vision and other 
factors associated with driving cessation in the elderly: the blue 
mountains eye study. Clin Exp Ophthalmol 2001;29:104–7. 

 92 Goh YW, Ang GS, Azuara- Blanco A. Lifetime visual prognosis of 
patients with glaucoma. Clin Exp Ophthalmol 2011;39:766–70. 

 93 Hajek A, Brettschneider C, Eisele M, et al. Prevalence and 
determinants of driving habits in the oldest old: results of the 
multicenter prospective AgeCoDe- AgeQualiDe study. Arch Gerontol 
Geriatr 2019;82:245–50. 

 94 Huisingh C, McGwin G, Owsley C. Association of visual sensory 
function and higher- order visual processing skills with incident 
driving cessation. Clin Exp Optom 2016;99:441–8. 

 95 Janz NK, Musch DC, Gillespie BW, et al. Evaluating clinical change 
and visual function concerns in drivers and nondrivers with 
glaucoma. Invest Ophthalmol Vis Sci 2009;50:1718–25. 

 96 Keay L, Munoz B, Turano KA, et al. Visual and cognitive deficits 
predict stopping or restricting driving: the Salisbury eye evaluation 
driving study (SEEDS). Invest Ophthalmol Vis Sci 2009;50:107–13. 

 97 Keay L, Palagyi A, Do V, et al. Vision and driving status of older 
Australians with cataract: an investigation of public hospital waiting 
lists. Clin Exp Optom 2016;99:449–55. 

 98 Levecq L, De Potter P, Jamart J. Visual acuity and factors 
influencing automobile driving status in 1,000 patients age 60 and 
older. Graefes Arch Clin Exp Ophthalmol 2013;251:881–7. 

 99 MacLeod KE, Satariano WA, Ragland DR. The impact of health 
problems on driving status among older adults. J Transp Health 
2014;1:86–94. 

 100 Marottoli RA, Ostfeld AM, Merrill SS, et al. Driving cessation and 
changes in mileage driven among elderly individuals. J Gerontol 
1993;48:S255–60. 

 101 Mönestam E, Lundquist B, Wachtmeister L. Visual function and 
car driving: longitudinal results 5 years after cataract surgery in a 
population. Br J Ophthalmol 2005;89:459–63. 

 102 Mönestam E, Wachtmeister L. Impact of cataract surgery on car 
driving: a population based study in Sweden. Br J Ophthalmol 
1997;81:16–22. 

 103 Ramulu PY, West SK, Munoz B, et al. Driving cessation and driving 
limitation in glaucoma: the Salisbury eye evaluation project. 
Ophthalmology 2009;116:1846–53. 

 104 Ross LA, Anstey KJ, Kiely KM, et al. Older drivers in Australia: 
trends in driving status and cognitive and visual impairment. J Am 
Geriatr Soc 2009;57:1868–73. 

 105 Segal- Gidan F, Varma R, Salazar X, et al. Factors influencing driving 
status in an older Latino population. J Aging Health 2010;22:332–47. 

 106 Sengupta S, van Landingham SW, Solomon SD, et al. Driving 
habits in older patients with central vision loss. Ophthalmology 
2014;121:727–32. 

 107 Stafford WR. Traditional antiglaucoma therapy: a clinical survey of 
side effects. Curr Ther Res Clin Exp 1981;29:265–74.

 108 Stewart RB, Moore MT, Marks RG, et al. Driving cessation in the 
elderly: an analysis of symptoms, diseases, and medications. 
Journal of Geriatric Drug Therapy 1993;8:45–60.

 109 Takahashi A, Yuki K, Awano- Tanabe S, et al. Association between 
glaucoma severity and driving cessation in subjects with primary 
open- angle glaucoma. BMC Ophthalmol 2018;18:122. 

 110 Tam ALC, Trope GE, Buys YM, et al. Self- perceived impact of 
glaucomatous visual field loss and visual disabilities on driving 
difficulty and cessation. J Glaucoma 2018;27:981–6. 

 111 van Landingham SW, Hochberg C, Massof RW, et al. Driving 
patterns in older adults with glaucoma. BMC Ophthalmol  
2013;13:4. 

 112 Zebardast N, Swenor BK, van Landingham SW, et al. Comparing 
the impact of refractive and nonrefractive vision loss on functioning 
and disability: the Salisbury eye evaluation. Ophthalmology 
2015;122:1102–10. 

 113 Kaleem MA, Rajjoub R, Schiefer C, et al. Characteristics of 
glaucoma patients attending a vision rehabilitation service. 
Ophthalmol Glaucoma 2021;4:638–45. 

 114 Moon S, Park K. The predictors of driving cessation among older 
drivers in Korea. Int J Environ Res Public Health 2020;17:7206. 

 115 Robinson JL, Liu Y, Chen Q. Licensure and driving status among 
visually impaired persons. Optom Vis Sci 2021;98:1334–9. 

 116 Grundler W, Strasburger H. Visual attention outperforms visual- 
perceptual parameters required by law as an indicator of on- road 
driving performance. PLoS One 2020;15:e0236147. 

 117 Subzwari S, Desapriya E, Scime G, et al. Effectiveness of cataract 
surgery in reducing driving- related difficulties: a systematic review 
and meta- analysis. Inj Prev 2008;14:324–8. 

 118 Fraser ML, Meuleners LB, Lee AH, et al. Which visual measures 
affect change in driving difficulty after first eye cataract surgery? 
Accid Anal Prev 2013;58:10–4. 

 119 Singletary BA, Do AN, Donnelly JP, et al. Self- reported vs state- 
recorded motor vehicle collisions among older community dwelling 
individuals. Accid Anal Prev 2017;101:22–7. 

 120 Haddon W. Energy damage and the ten countermeasure strategies. 
J Trauma 1973;13:321–31. 

 121 Nguyen H, Luca Di Tanna G, Coxon K, et al. Associations between 
vision impairment and driving performance and the effectiveness 
of vision- related interventions: a systematic review. Transportation 
Research Interdisciplinary Perspectives 2023;17:100753. 

 122 Strogatz D, Mielenz TJ, Johnson AK, et al. Importance of driving 
and potential impact of driving cessation for rural and urban older 
adults. J Rural Health 2020;36:88–93. 

 123 Unsworth CA, Wells Y, Browning C, et al. To continue, modify or 
relinquish driving: findings from a longitudinal study of healthy 
ageing. Gerontology 2007;53:423–31. 

 124 Bhalla K, Mohan D, O’Neill B. How much would low- and  
middle- income countries benefit from addressing the key 
risk factors of road traffic injuries Int J Inj Contr Saf Promot 
2020;27:83–90. 

 125 Forjuoh SN. Traffic- related injury prevention interventions for low- 
income countries. Inj Control Saf Promot 2003;10:109–18. 

 126 Staton C, Vissoci J, Gong E, et al. Road traffic injury prevention 
initiatives: a systematic review and metasummary of effectiveness in 
low and middle income countries. PLoS One 2016;11:e0144971. 

 127 United Nations Economic Commission for Europe. Road safety for 
all: United Nations. 2020. Available: https://unece.org/transport/ 
publications/road-safety-all-0

 128 Bergen G, West BA, Luo F, et al. How do older adult drivers self- 
regulate? Characteristics of self- regulation classes defined by latent 
class analysis. J Safety Res 2017;61:205–10. 

 129 Braitman KA, McCartt AT. Characteristics of older drivers who self- 
limit their driving. Ann Adv Automot Med 2008;52:245–54.

 130 Harmon AC, Babulal G, Vivoda JM, et al. Planning for a nondriving 
future: behaviors and beliefs among middle- aged and older drivers. 
Geriatrics (Basel) 2018;3:19. 

 131 Owsley C, McGwin G, Phillips JM, et al. Impact of an educational 
program on the safety of high- risk, visually impaired, older drivers. 
Am J Prev Med 2004;26:222–9. 

 132 Ross LA, Clay OJ, Edwards JD, et al. Do older drivers at- risk for 
crashes modify their driving over time J Gerontol B Psychol Sci Soc 
Sci 2009;64:163–70. 

 133 Zhang CT, Bowers AR, Savage SW. The effects of age, distraction, 
and simulated central vision impairment on hazard detection in a 
driving simulator. Optom Vis Sci 2020;97:239–48. 

and. P
rotected by copyright.

 on F
ebruary 6, 2024 at T

he Librarian London S
chool of H

ygiene
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065210 on 11 A

ugust 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.aap.2020.105956
http://dx.doi.org/10.1186/s12886-021-01909-3
http://dx.doi.org/10.1111/aos.14616
http://dx.doi.org/10.1111/j.1532-5415.2005.00471.x
http://dx.doi.org/10.1016/j.ophtha.2012.07.027
http://dx.doi.org/10.1001/jamaophthalmol.2015.4636
http://dx.doi.org/10.1093/geronj/48.4.s230
http://dx.doi.org/10.1093/geronj/48.4.s230
http://dx.doi.org/10.1097/00006324-200303000-00010
http://dx.doi.org/10.1093/geronb/63.1.p6
http://dx.doi.org/10.1097/01.opx.0000175008.88427.05
http://dx.doi.org/10.1111/j.1532-5415.1999.tb02998.x
http://dx.doi.org/10.1016/j.archger.2008.11.012
http://dx.doi.org/10.1046/j.1442-9071.2001.00411.x
http://dx.doi.org/10.1111/j.1442-9071.2011.02559.x
http://dx.doi.org/10.1016/j.archger.2019.03.006
http://dx.doi.org/10.1016/j.archger.2019.03.006
http://dx.doi.org/10.1111/cxo.12404
http://dx.doi.org/10.1167/iovs.08-2575
http://dx.doi.org/10.1167/iovs.08-2367
http://dx.doi.org/10.1111/cxo.12414
http://dx.doi.org/10.1007/s00417-012-2146-x
http://dx.doi.org/10.1016/j.jth.2014.03.001
http://dx.doi.org/10.1093/geronj/48.5.s255
http://dx.doi.org/10.1136/bjo.2004.051151
http://dx.doi.org/10.1136/bjo.81.1.16
http://dx.doi.org/10.1016/j.ophtha.2009.03.033
http://dx.doi.org/10.1111/j.1532-5415.2009.02439.x
http://dx.doi.org/10.1111/j.1532-5415.2009.02439.x
http://dx.doi.org/10.1177/0898264309358763
http://dx.doi.org/10.1016/j.ophtha.2013.09.042
http://dx.doi.org/10.1186/s12886-018-0788-0
http://dx.doi.org/10.1097/IJG.0000000000001079
http://dx.doi.org/10.1186/1471-2415-13-4
http://dx.doi.org/10.1016/j.ophtha.2015.02.024
http://dx.doi.org/10.1016/j.ogla.2021.03.005
http://dx.doi.org/10.3390/ijerph17197206
http://dx.doi.org/10.1097/OPX.0000000000001812
http://dx.doi.org/10.1371/journal.pone.0236147
http://dx.doi.org/10.1136/ip.2007.017830
http://dx.doi.org/10.1016/j.aap.2013.04.015
http://dx.doi.org/10.1016/j.aap.2017.01.021
http://dx.doi.org/10.1097/00005373-197304000-00011
http://dx.doi.org/10.1016/j.trip.2022.100753
http://dx.doi.org/10.1016/j.trip.2022.100753
http://dx.doi.org/10.1111/jrh.12369
http://dx.doi.org/10.1159/000111489
http://dx.doi.org/10.1080/17457300.2019.1708411
http://dx.doi.org/10.1076/icsp.10.1.109.14115
http://dx.doi.org/10.1371/journal.pone.0144971
https://unece.org/transport/publications/road-safety-all-0
https://unece.org/transport/publications/road-safety-all-0
http://dx.doi.org/10.1016/j.jsr.2017.01.002
http://dx.doi.org/19026241
http://dx.doi.org/10.3390/geriatrics3020019
http://dx.doi.org/10.1016/j.amepre.2003.12.005
http://dx.doi.org/10.1093/geronb/gbn034
http://dx.doi.org/10.1093/geronb/gbn034
http://dx.doi.org/10.1097/OPX.0000000000001501
http://bmjopen.bmj.com/


12 Nguyen H, et al. BMJ Open 2023;13:e065210. doi:10.1136/bmjopen-2022-065210

Open access 

 134 Cole BL. Protan colour vision deficiency and road accidents. Clin 
Exp Optom 2002;85:246–53. 

 135 Cole BL. Colour blindness and driving. Clin Exp Optom 
2016;99:484–7. 

 136 Atchison DA, Pedersen CA, Dain SJ, et al. Traffic signal color 
recognition is a problem for both protan and deutan color- vision 
deficients. Hum Factors 2003;45:495–503. 

 137 Tagarelli A, Piro A, Tagarelli G, et al. Colour blindness in everyday 
life and car driving. Acta Ophthalmol Scand 2004;82:436–42. 

 138 Dhibi M. Road safety determinants in low and middle income 
countries. Int J Inj Contr Saf Promot 2019;26:99–107. 

 139 Court H, McLean G, Guthrie B, et al. Visual impairment is 
associated with physical and mental comorbidities in older adults: a 
cross- sectional study. BMC Med 2014;12:181. 

and. P
rotected by copyright.

 on F
ebruary 6, 2024 at T

he Librarian London S
chool of H

ygiene
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065210 on 11 A

ugust 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1111/j.1444-0938.2002.tb03045.x
http://dx.doi.org/10.1111/j.1444-0938.2002.tb03045.x
http://dx.doi.org/10.1111/cxo.12396
http://dx.doi.org/10.1518/hfes.45.3.495.27247
http://dx.doi.org/10.1111/j.1395-3907.2004.00283.x
http://dx.doi.org/10.1080/17457300.2018.1482926
http://dx.doi.org/10.1186/s12916-014-0181-7
http://bmjopen.bmj.com/

	Associations between vision impairment and vision-related interventions on crash risk and driving cessation: systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Statistical analysis
	Patient and public involvement

	Results
	Associations between eye diseases and conditions/measures of vision loss and MVCs
	Impact of vision-related interventions on MVCs
	Associations between eye diseases and conditions/measures of vision loss and driving cessation
	Impact of vision-related interventions on driving cessation

	Discussion
	References


