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Purpose: The incidence of road traffic accidents (RTAs) is dramatically increasing worldwide. Consequently, driving and licensing
authorities have instituted strict rules and regulations, such as vision standards, restrictions on drunk driving, seat belt usage, and
speeding, for driving safety. This study aimed to summarize the global visual standards for driving license issuing and renewal and
investigate the effect of driving safety laws on RTA-related death rates in different countries.

Methods: The study gathered data on visual standards for driving licenses from reliable sources and extracted enforcement scores
(drunk driving, seat belt usage, and speeding) and RTA-related death rates from the World Health Organization status report on road
safety. The Wilcoxon test explored the association between visual standards and RTA-related death rates, while the Kruskal-Wallis test
analyzed the relationship between visual functions and death rates, as well as driving safety enforcement scores and RTA-related death
rates.

Results: The analysis was conducted on 71 countries and 50 states within the United States out of the 193 countries listed by the
United Nations. It was found that 116 countries and states required a minimum VA range of 6/6—-6/18, while 91 countries and states
mandated a similar range for one-eyed drivers. VF testing for driving licenses was necessary in 77 countries and states. No significant
association was observed between VA or VF testing and RTA-related death rates. However, countries that conducted more visual
function tests demonstrated lower rates of RTA-related fatalities. Furthermore, RTA-related death rates were significantly associated
with speeding, drunk driving, and seat belt laws.

Conclusion: Implementing clear policies regarding vision requirements, maintaining strict rules, and promoting law enforcement on
speeding, drunk driving, and seat belt usage are crucial for improving road safety. These measures should be prioritized by driving and
licensing authorities worldwide to mitigate the escalating incidence of RTAs.

Keywords: traffic collisions, traffic death, vehicle accident, vision standards for driving, vision requirements for driving, driving
safety laws

Introduction

Road traffic accidents (RTAs) result in the deaths of 1.3 million individuals worldwide annually.' Notably, 90% of all
road traffic deaths occur in middle-income countries.' In addition to the deaths, RTAs cause non-fatal injuries in
78 million individuals annually.”> According to the World Health Organization (WHO), road traffic death rates (deaths
per 100000 individuals) are estimated at 12.5, 5, and 3 individuals per 100000 in the United States (US), Canada, and the
United Kingdom, respectively.’ Furthermore, RTAs may significantly increase the economic and social costs globally.”
RTA-related death or injuries affect individuals and their families, friends, colleagues, and society.4 In the USA, the

expenditure for non-fatal RTA-related medical costs was over 31 billion dollars in 2000.° Road safety places an emphasis
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on multiple factor.® Factors such as road infrastructure; vehicle characteristics, including aged vehicles; and environ-
mental factors, such as rainfall and extreme cold have a significant impact on road safety and the frequency of RTA
fatalities, particularly in low-income countries.®® However, human factors, such as drug use, drunk driving, seat belt
usage, speeding, and mobile phone usage, have the highest impact on RTA-related deaths.’

WHO released a global status report on road safety that summarizes the current state of driving standards and
regulations and the number of RTA-related deaths globally to achieve the goal of driving safety.” Furthermore, previous
efforts investigated the role of human factors on driving safety. Between 2000 and 2013, young drivers were responsible
for 84,756 RTA-related fatalities, and 23,757 of these fatalities were due to alcohol consumption.'® The probability of
drunk drivers causing a fatal collision is 17.8 times higher than that of non-drunk drivers.'" The probability of fatal or
severe RTA-related injuries is higher for drivers not using seat belts.'*'* Moreover, Hoye concluded that unbelted drivers
have a 8.3 times higher likelihood of being involved in fatal RTAs and a 5.2 times higher risk of sustaining serious
injuries than belted drivers.'* Consequently, driving and licensing authorities have instituted strict rules and regulations
for maintaining driving safety.

Driving skills are essential and differ over time;'” therefore, a licensing renewal cycle is required in many countries.
In the US, the process varies in each state and according to age; for example, the licensing renewal cycle in Arizona is
every 12 years for the general population and 5 years for individuals aged >65. However, in Australia, it takes from 1-5
years, depending on the license fee that the driver pays.'® Furthermore, once the driver reaches the age of 70 years in the
UK, the driving license must be renewed every 3 years.'”

Visual acuity (VA) plays an essential role in driving;'® therefore, the process of issuing and renewing a driving license
should include a comprehensive assessment of visual functions. Visual awareness of cars and reading the road signs
relies heavily on VA. However, the VA test does not provide sufficient information regarding the other visual functions
required for driving, such as peripheral vision. Poor visual function results in decreased awareness of objects in the
peripheral vision." For example, a driver with decreased visual function may not be able to visualize a pedestrian
crossing the street while taking a turn. Color vision is another important visual function for driving.?’ Drivers with color
vision problems experience difficulty in identifying traffic signals and reflectors from other automobiles and bikes.?'
Similarly, three-dimensional viewing (depth of perception) is necessary for assessing distances. The distance from the car
in front and the distance from the pedestrian lane cannot be accurately assessed without good visual depth perception.?
Additionally, visibility reduces while driving in low-light conditions (at night).>> Older drivers are more affected by this
issue; consequently, they are more predisposed to RTAs** due to aging-related changes in their neurological and optical
systems Thus, contrast sensitivity testing is important to provide a better prediction of visual recognition abilities in real-
world situations.”’

Several studies have contributed to a better understanding of the association between poor vision and an increased
risk of RTA. Researchers have investigated the association between RTAs and various visual functions. A recent study
conducted by Piyasena et al*® examined the current evidence to assess VFs and their association with traffic safety in
low- and middle-income countries. They found a positive correlation between vision impairment and the incidence of
traffic accidents. Owsley et al*’ investigated the visual risk factors for the incidence of RTAs in patients with cataract.
The study determined that patients with cataract were eight times more likely to be involved in RTAs as they show severe
contrast sensitivity deterioration. Similarly, Szlyk et al*® examined the association between visual function and driving
skills in 25 patients with glaucoma and 29 normal-sighted controls using an interactive driving simulator. Although no
significant difference was observed between the driving skills of the patients with glaucoma and control participants, the
former group exhibited poorer contrast sensitivity, which correlated with poor driving skills.

Research on driving has expanded over the years and taken multiple approaches, all with the goal of improving
driving safety. However, to our knowledge, a global review of minimum vision requirements for obtaining a driving
license and the effect of driving safety laws on drunk driving, seat belt usage, speeding, and visual functions on RTA-
related death rates in different countries has not been undertaken. Thus, this study aimed to summarize the global vision
standards for issuing driving licenses and investigate the impact of driving regulations and vision functions on RTAs to
aid policymakers in developing and updating driving regulations and guidelines for issuing and renewing driving licenses
to improve road safety.
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Methods

Eligibility Criteria

Sourcing the information was challenging as all governments did not publish precise information regarding driving vision
standards on their official websites. Therefore, countries with unavailable or inaccessible visual assessment information
were excluded. Only the countries with vision requirements available in English were included.

Information Sources

All countries were specified and retrieved from the United Nations (UN) list of recognized countries through the UN
website. The data regarding the vision standard for driving of each country was extracted from various reliable sources,
such as governmental websites, published articles, publicly issued reports, and for-profit and non-profit scientific
organizations. RTA-related data were obtained from the websites of the transport agencies of the country and the data
banks of organizations. The effectiveness of enforcing road safety laws regarding speed limits, drunk driving, and seat
belt usage, which were the only car-related factors and were scored from 0-10, were retrieved from the most recent
WHO global status report on road safety.’

Search Strategy

Literature review was performed for the period between 2019 and 2021. A Google search was performed using the names
of the countries placed after the following keywords: “driving vision standards”, “driver license vision standards”,
“driver license requirements”, “RTAs death rate”, “RTAs fatality rate”, “road crashes deaths”, and “road safety laws”.

Countries and Data Selection
The data selection process is illustrated in Figure 1.

Quality Assessment

The review concerned the driving visual requirements issued by the countries listed by the UN. The required information
was extracted from various resources such as governmental websites and data organizations (each is referenced in the
Tables). The RTA-related death rates of each country were determined using the WHO global status report on road
safety.® Hence, the details were insufficient to assess the risk of bias and were categorized as (insufficient data), as
suggested by the Cochrane Handbook.*

Data Extraction

Four optometrists extracted the data. Visual function data were summarized as descriptive tables categorized regionally,
including the most common visual functions necessary for safe driving measured in each country, including VA (the VA
data were converted from LogMAR, decimal, and Snellen fraction in feet to Snellen fraction in meters), VF, and
monocular vision allowance. Other visual characteristics, such as color vision, diplopia, and adaptation to lighting
condition, were listed as other characteristics. These abilities were assessed to determine whether a driver is likely to
operate a vehicle safely.”> RTA data were obtained in terms of RTA fatality rates. The reporting of RTAs showed
a significant discrepancy between countries, with each report focusing on a different area of concern (ranging from minor
to fatal accidents).

Low-income nations tended to underreport RTA rates. However, the number of road users and car accidents
significantly reduced in 2020-2021 due to the legislative limitations implemented because of the COVID-19 pandemic.
Therefore, the RTA-related death rates in 2019 were recorded. The effectiveness of enforcing road safety laws regarding
speed limits, drunk driving, and seat belt usage was determined from the most recent WHO global status report on road
safety.> The WHO has set a road safety scale ranging from 0 to 10, where 0 represents poor effectiveness and 10
represents excellent effectiveness. For example, a score of 10 for speed limits indicates that the country’s efforts, laws,
and regulations on speed limits are sufficient to preserve road safety or are aligned with best practices.
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Figure | Data selection process meeting the eligibility criteria.
Notes: PRISMA figure adapted from Page M), McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71. Creative Commons.?’

Data Analysis

Statistical analyses were performed using SAS software (version 9.4, SAS Institute, Cary, NC, US). Data are presented as
the median and interquartile range (IQR) for continuous variables and frequencies with percentages for categorical
variables. Each US state was considered a separate country in the analysis.

The visual function data (VA, VF, and monocular vision allowance) were divided into two groups: Yes (required testing)
and No (do not require testing), to study the association between the RTA-related death rates of each country and the driving
visual standards. The differences between the two groups were assessed using Wilcoxon two-sample test. After grouping
the relevant findings for vision standards and categorizing them into four groups, 01, 2, 3, 4, and >5 tests, the association
between the total number of vision tests for each country and RTA-related death rate was evaluated using Kruskal-Wallis.
The associations of driving safety laws enforcement scores for drunk driving, seat belt usage, and speeding with RTA-
related death rate were further analyzed using the Kruskal-Wallis test after classifying the data for driving safety laws
scores into three groups: 0-3, 4-6 and 7-10. A P-value of <0.05 was considered statistically significant.
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Results

The retrieved data were: 1) illustrated as the worldwide driving visual function standards in five continents, and 2)
analyzed to determine the association between RTA-related death rates and vision function requirements (VA, VF,
monocular vision allowance, driving exposures, and the enforcement of road safety laws).

Driving Visual Function Standards

A total of 121 countries and US states were included in the analysis. Driving vision standards were identified for 71
(36.7%) of the 193 countries on the UN countries list. Data for five (7%) North, Central, and South American countries
were extracted, including all 50 US states. Data for 32 (45.1%) countries in Europe, nine (12.6%) in Africa, 21 (29.6%)
in Asia, and four (5.63%) in the Oceania geographic region were extracted.

The Americas
The required information was obtained from the US and Canada (North America) and Columbia, Mexico, and Venezuela
(South America). However, 30 of the countries recognized by the UN in North, Central, and South America were
excluded due to the unavailability of vision standard information.

Table 1 lists the vision standards for North and South American countries. The minimum VA required in Canadian
provinces and US states were 6/12, except in Georgia, New Jersey, Oklahoma, and Wisconsin, where a range of 6/15-6/30 is
sufficient. However, Mexico has a VA requirement with a minimum value of 6/7.5 binocularly; nevertheless, it does not

Table | Visual Standards for Driving in the Americas

Region / Country Minimum VA with Minimum Visual Field Monocular vision Other
Corrective Lenses (One-Eyed) Characteristics
Canada®'""*? 6/15 in most provinces, New 120 horizontally, Quebec: 100 None No diplopia in central
Brunswick and Nova Scotia: horizontally (>30 each side, 10 40 VF, Saskatchewan:
6/12 above and 20 below fixation) functional assessment
for VA 6/15 and 6/18
Alabama®'33-3% Both eyes 6/12 110 horizontally and 80 vertically Monocular vision is None
not allowed
Alaska®'-33-3 Each/both eyes 6/12 None Minimum VA 6/12 + 2 | None
rear mirrors
Arizona®'?3-3° Each/both eyes 6/12 70, plus 35 on the opposite side of | Minimum VA 6/12 None
the nose, in at least one eye
Arkansas®'33-3¢ Each/both eyes uncorrected VA | 140 horizontally Uncorrected VA 6/12 | None
6/12 or corrected 6/15 or corrected 6/15, VF
105 or better
California®'-3373>37 6/12 binocularly or 6/12 in one | None Monocular vision is None
eye and 6/2| other not allowed
Colorado®'333 Each/both eyes 6/12 None Minimum VA 6/12 No diplopia
Connecticut®'3373* Each/both eyes 6/12 140 horizontally Minimum VA 6/12, VF | None
100 horizontally
Delaware?'33-3 6/12 at least one eye None Minimum VA 6/12 None
District of 6/12 at least one eye, 6/21 in 130 horizontally Decision by eye care | None
Columbia®'*3-3° other specialist
Florida3'+33-3° Each/both eyes 6/12 None Minimum VA 6/12 None
(Continued)
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Table 1 (Continued).

Region / Country

Minimum VA with

Minimum Visual Field

Monocular vision

Other

license, At least 6/21 one/both

eyes Restricted license

Corrective Lenses (One-Eyed) Characteristics
Georgia®'"?3-3% Each/both eyes 6/18 140 horizontally Minimum VA 6/18, VF | None
70 temporally and 50
nasally
Hawaii®'33-3% Each/both eyes 6/12 140 horizontally Minimum VA 6/12 None
Idaho?'-33-3% Each/both eyes 6/12 None Minimum VA 6/12 None
Ilinois®'*3-3% Each/both eyes 6/12 140 horizontally Minimum VA 6/12, VF | None
70 temporally and 50
nasally
Indiana®'"-3373* 6/12 each eye 120 horizontally Restricted license None
Lowa®?3*%7 Each/both eyes 6/12 140 horizontally Minimum VA 6/12, VF | None
70 temporally and 50
nasally
Kansas®*3*37 Each/both eyes 6/12 110 horizontally Minimum VA 6/12, VF | None
55 horizontally
Kentucky?33437 Each/both eyes 6/12 35 horizontally to the left and Same as binocular None
right, 25 vertically up and down
Louisiana®*3+37 Each/both eyes 6/12 None Minimum VA 6/12 None
Maine?33+37 Each/both eyes 6/12 150 horizontally Minimum VA 6/12, None
Restricted license
Maryland®33437 Each eyes 6/12 Unrestricted 140 horizontally Restricted license None

Massachu?33438

Each/both eyes 6/12

120 horizontally

Restricted license

Color vision test

Michigan33’34

6/12 each eye

140 horizontally

Restricted license

VA up to 6/15 and VF

more than 110

Minnesota®?

Each/both eyes 6/12

105 horizontally

Same as binocular

None

nasally in one eye

Mississippi>>>*38 Each/both eyes 6/12 140 horizontally Minimum VA 6/12, VF | Pass depth perception
70 temporally and 35 | test
nasally

Missouri*3* Each/both eyes 6/12 55 temporally each eye Same as binocular None

Montana®>3* Each/both eyes 6/12 None Minimum VA 6/12 None

Nebraska®*3* 6/12 both eyes, 6/12 in one eye | 140 horizontally Restricted only None

and 6/18 other eye

Nevada®*3* 6/12 each eye None Restricted only None

New Hampshire®*3* Each/both eyes 6/12 None Minimum VA 6/9 None

New Jersey®>3* Each/both eyes 6/15 None Minimum VA 6\15 None

New Mexico®>3* Each/both eyes 6/12 120 horizontally with at least 30 Minimum VA 6\12 None

(Continued)
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Table | (Continued).

Region / Country Minimum VA with Minimum Visual Field Monocular vision Other
Corrective Lenses (One-Eyed) Characteristics
New York3334 Each/both eyes 6/12 140 horizontally if VA 6/12 to 6/21 | Minimum VA 6/12 A vision specialist can
determine restrictions

North Carolina®*** 6/12 at least one eye 60 in one eye, or 30 on each side | Same as binocular None

of the central point of fixation
North Dakota®*3* 6/12 both eyes, 6/12 in one eye | 105 VF Minimum VA 6/12, VF | None

and 6/60 other eye 105

Ohio334 Both eyes 6/12 70 of VF on both sides of the Minimum VA 6/9, None

fixation point Same VF criteria
Oklahoma®*3* Each eye 6/18 70 horizontally in one eye or both | Minimum VA 6/15, None

eyes same VF criteria
Oregon’®*?* Each/both eyes 6/12 110 VF Same as binocular None
Pennsylvania®>3* Each/both eyes 6/12 120 horizontally Same as binocular None
Rhode Island®*** Each/both eyes 6/12 115 horizontally Minimum VA 6/12, VF | None

40 nasally and 75
temporally
South Carolina®*** Each/both eyes 6/12 None Minimum VA 6/12 If VF <110, eye
specialist decision

South Dakota®*** 6/12 both eyes, 6/15 each eye | None 6/12, VF 105 None

require a VF test. Approximately 30% of states in the US do not require VF testing, whereas other states specify the VF

required in each direction with respect to the central fixation point. The minimum VF required for drivers in most states in the

US varies from 110 to 140 horizontally. Most Canadian provinces require drivers to have a horizontal VF of 120, whereas

Quebec requires a horizontal VF of 100. Canada and Mexico have no specific criteria for drivers with monocular vision.

Most states in the US follow the binocular VA and VF criteria for drivers with monocular vision; however,

individuals with monocular vision are not permitted to drive in Alabama and California. Some states employ additional

tests, such as depth perception (Mississippi), diplopia screening (Colorado), and a test to assess the ability of the drivers

to distinguish between the colors red, amber, and green (Massachusetts).

Europe

Vision requirements for driving in 32 of the 43 countries in Europe recognized by the UN were included. Table 2 lists the

minimum European Union (EU) standards. According to the EU requirements, drivers must have a corrected or
uncorrected binocular VA of > 6/12 and a binocular VF of > 120. Drivers should not have diplopia, and those with

Table 2 Visual Standards for Driving in Europe

Region / Country

Minimum VA with

Minimum Visual Field

Monocular Vision

Other Characteristics

Corrective Lenses (One-Eyed)
Austria®'-373942 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Belgium?'3*~*2 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia, night vision
Bulgaria3"37'394' 6/7.5 both eyes None None None
Croatia®'??* 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
(Continued)
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Table 2 (Continued).

Region / Country

Minimum VA with

Minimum Visual Field

Monocular Vision

Other Characteristics

Corrective Lenses (One-Eyed)
Cyprus®'3%4! 6/12 both eyes None None License plate test
CzechRepublic®'3%! 6/8.5 both eyes None Minimum VA 6/6 None
Denmark?!392 6/12 both eyes 120 horizontally None None
Estonia®'3%*2 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Finland®'3%—*2 6/12 both eyes 120 horizontally None None
France®'’ 6/12 both eyes Horizontal: 60 right and left; Worse eye below 6/60: License plate test
vertical: 30 above and below best eye at least 6/10 VA Night vision
Germany*"3’ 6/12 best eye, 6/30 120 horizontally (perfect within | Worse eye below 6/30: None
worse eye 30) best eye at least 6/10 VA
Greece®"? 6/12 both eyes None None None
Hungary®"*” 6/12 both eyes Defects of less than 30 Minimum VA 6/6 None
Iceland®'3” None None None Self-certify that no visual
impermanent is present
Ireland®'-¥” 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Italy®"? 6/6 both eyes, 6/30 None Minimum VA 6/7.5 Chromatic sense, nocturnal
worse eye vision
Latyia3'-37:40-42 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Liechtenstein®' 402 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Lithuania®' 402 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Luxembourg®' 402 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Malta3' 374042 6/12 both eyes None None None

The Netherlands®'#°42

6/12 both eyes

140 horizontally

Minimum VA 6/10

License plate test

31,40-42
Norway

6/12 both eyes

Esterman perimeter no more

than 3 points missed within 20

None

License plate test

Poland?'3%~ 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Portuga®'3%- 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Serbia®'"?*2 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Slovakia®'37#2 6/12 both eyes 120 horizontally Minimum VA 6/10 No diplopia
Slovenia®'?%~2 6/12 both eyes None None None
Spain®'373? 6/12 both eyes Normal VF Minimum VA 6/10 None
Sweden®'37*2 6/12 both eyes 120 horizontally - 50 one side. | None Night vision
40, Vertically - 20 up and down
Switzerland®'3 ! 6/10 both eyes 140 horizontally Minimum VA 6/7.5 No diplopia

United Kingdom3"394'I

6/12 both eyes

120 horizontally - 50 on either
side of fixation (central 20 no

significant loss)

Minimum VA 6/12

Number plate test at 20 m

2 3 2 https:
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monocular vision must have a corrected or uncorrected VA of > 6/10. However, exceptions can be made based on
medical opinion and positive practical test results.

Although many European countries follow these guidelines, a few (eg, the UK, Netherlands, Cyprus, and France) use
a number plate test to assess VA. In the number plate test, the applicant must be able to read the registration plate of
a vehicle 20 m ahead. Most European countries have a minimum corrective VA criterion of 6/12 binocularly, and a few
countries, such as Bulgaria (6/7.5) and the Czech Republic (6/8.5), are stricter. Similar variations in the minimum VF
requirement also exist among European countries. Most member countries require a minimum horizontal VF of 120,
a few require 140, whereas others require a confrontation VF exam. Countries such as Slovenia, Malta, Greece, and
Iceland do not have VF requirements. Applicants can meet vision requirements via self-certification in Iceland. Night
vision is required to meet the minimum vision standards in France and Sweden. In most European countries, the driving
license is revoked if the driver is no longer able to meet the criteria. However, exemptions may be provided based on
medical opinion.

Asia

Forty-seven Asian countries were listed in the UN country list; however, the minimum vision standards were available
for 22 countries only. Table 3 lists the visual standards for driving in Asia. Most Asian countries for which information
was available followed a minimum VA standard similar to that in Europe and the US, which is 6/12. However, variations
exist within the specific rules related to this standard. Some Asian countries require binocular VA (eg, Bhutan and Israel),

Table 3 Visual Standards for Driving in Asia

Region / Country Minimum VA with Minimum Visual Monocular Vision Other Characteristics
Corrective Lenses Field (One-Eyed)
Bhutan® 6/12 both eyes 120 horizontally and 20 None Normal color vision
vertically

China* 6/12 both eyes None None Normal color vision
Georgia* 6/18 in one eye 140 horizontally None None
Hong Kong* 6/12 in one eye None None License plate test
India®'3344 6/18 both eyes None Minimum VA 6/12, Minimum VF | License plate test,

120 horizontally Normal color vision
Iran*647 12/10 or 14/10 binocularly if | 120 horizontally None Normal color vision

one eye VA less than 10/10

Israel®'33 6/12 both eyes None None None

Japan** Each/both eyes 6/9 150 horizontally Minimum VA 6/9

Kuwait*® 6/6 both eyes None None None

Malaysia*** 6/12 best eye None None Normal color vision
Nepal®® “Binocular vision sufficient None None Normal color vision

to drive vehicles” certified

by an eye doctor

Oman®' 6/6 in at least one eye Not mandated 6/6 None
Pakistan®? 6/12 both eyes None None None
Philippines®** 6/12 both eyes 120 horizontally, no Minimum VA 6/12 None
defect within 20 above
and below
(Continued)
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Table 3 (Continued).

Region / Country Minimum VA with Minimum Visual Monocular Vision Other Characteristics
Corrective Lenses Field (One-Eyed)

Singapore® Better eye 6/12, worse eye Only for “one-eyed” Minimum VF 120 horizontally No diplopia, normal

6/36 color vision
SriLanka*+5%55 6/12 each eye 140 horizontally, no Minimum VA 6/9, Minimum VF | No diplopia

defect in central 20 120 horizontally (no defect in
central 20)

South Korea®® 6/7.5 both eyes, 6/12 each None Minimum VA 6/7.5, Minimum VF | Normal color vision

eye 120 horizontally 20 vertical (no

defect in central 20)

Taiwan®’ 6/7.5 both eyes, each eye 6/9 | 120 VF horizontally None No night blindness
Thailand®® 6/15 both eyes 120 horizontally and 15 | None None
vertically

Turkey®**? 6/6 both eyes None Minimum VA 6/6 None
United Arab 6/18 each eye, one eye 6/12 | 140 horizontally (no Minimum VA 6/6 No diplopia
Emirates®® other 6/24, one eye 6/9 defect central 20 above

other eye 6/36 or 6/60 or below)
Brunei®' None None None License plate test, able to

distinguish red, amber

and green at 23 m

whereas others specify the minimum VA requirements for each eye separately (eg, United Arab Emirates and Taiwan).
Some countries have stricter VA criteria (eg, Turkey, Oman, and Kuwait), whereas others countries are more lenient (eg,
Georgia and India). Similar to the UK, some Asian countries also use the number plate test (eg, Hong Kong and India).
Iran defined the minimum VA standard in terms of the total VA, which is the total sum of the VA of both eyes (lines read
using the right eye added to lines read using the left eye). A certificate from an eye doctor stating that the applicant’s
binocular vision is sufficient to drive vehicles is considered sufficient in Nepal.

The minimum VF requirements among Asian countries also vary considerably, with a range of 120 to 150
horizontally, and very few countries have guidelines or vision requirements for drivers with monocular vision.

Africa

Limited information was available regarding the minimum legal vision standards for African countries. Only eight of the
54 African countries recognized by the UN listed their vision standards for driving (Table 4). A minimum VA of >6/12
with correction lenses is required in South Africa, Uganda, Malawi, and Zambia. Other countries have stricter criteria
(Algeria, Nigeria, and Ghana). Kenya uses the ability to read the registration plate of a vehicle from 23 and 25 meters
away as their VA criteria. A minimum VF is considered a requirement in only two countries, whereas a minimum VF for

monocular vision is required in four.

Oceania Geographic Region
Four of the 14 countries in Oceania recognized by the UN were included and are listed in Table 5. Australia and New
Zealand published their complete legal vision minimum standards on their official websites. Papua New Guinea and

Vanuatu require only a minimum VA with correction and a color vision test, respectively.
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Table 4 Vision Standards for Driving in Africa

Region / Country

Minimum VA with

Minimum Visual Field

Monocular Vision

Other Characteristics

Corrective Lenses (One-Eyed)
Algeria®® 6/7.5 both eyes None Minimum VA 6/6 + 2 rear None
mirrors
Nigeria®? 6/9 both eyes None None None
South Africa®® 6/12 both eyes Each eye VF 70 temporally Minimum VA 6/9, None
Minimum VF 115
horizontally
Kenya®* None None Not allowed License plate test
Uganda®® 6/12 both eyes None None No color blindness
Ghana® 6/9 both eyes None None None
Malawi®’ 6/12 for each eye, if one 30 nasal and 55 temporal Minimum VA 6/9, 50 nasal None
eye worse than 6/12, each eye and 70 temporal
other eye 6/9
Zambia®® 6/12 both eyes None None Normal color blindness

Table 5 Vision Standards for Oceania Geographic Region

Region / Country

Minimum VA with
Corrective Lenses

Minimum Visual Field

Monocular Vision
(One-Eyed)

Other Characteristics

. 69
Australia

6/12 binocularly

110 horizontally -binocular
Esterman VF greater or

equal to 90 (no significant

Minimum VA 6/12.
Minimum VF 110

horizontally

No diplopia. VA < 6/12 but alert with
good coordination (conditional

license). License not issued if VA in

loss in central 20)

the better eye is <6/24.

subregion)’?

New Zealand”® 6/12 binocularly 140 horizontally Minimum VA 6/12 None
Papua New Guinea Better eye 6/12, None None None
(Melanesia subregion)’' | worse eye 6/60, both
eyes 6/18 each
Vanuatu (Polynesian None None Monocular test No Normal Color vision

minimum requirement

was given

Association Between Driving Visual Standards, Enforcement of Road Safety Laws, and

RTA-Related Death Rates
Driving Visual Standards and Road Traffic Accidents
Table 6 presents the associations between each country’s RTA-related death rate and the driving standard visual measures

in terms of the total number of visual tests, VA, VF, and monocular vision criteria. Among the 121 countries included in

the analysis, 16 (13.22%) did not require a test (only self-certification that one is not visually impaired) or only required

one test for issuing driving license application; 29 (23.97%) countries permit a person to drive after passing two tests;

three tests were required by 48 (39.67%) countries, and four or more tests are a requirement in 28 (23.14%) countries.

The median (IQR) for the RTA-related death rate per 100,000 of the population for countries that do not require visual

tests or require passing only one test to obtain a driving license was 13.05 (11.70) and 5.95 (3.55), respectively, for
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Table 6 Descriptive Characteristics and the Association of RTAs Death Rate with Visual Function Variables

Variables # of Countries and States Percent (%) Median (IQR) P-value
Total Number of Visual Tests for Driving License Per Country (N=121) 0.0053*
< | Visual test 16 13.22 13.05 (11.70)

2 Visual test 29 23.97 11.53 (10.52)

3 Visual test 48 39.67 10.26 (6.71)

> 4 Visual test 28 23.14 5.95 (3.55)

Testing Visual Acuity (VA) During Driving license Processing Per Country

Yes/INo (N=121) 0.5934%*
Yes Ié 95.87 9.50 (8.82)

No 5 4.13 14.90 (8.80)
Monocular/Binocular (N=116) 0.8028**
Monocular I 9.48 10.01 (9.02)

Binocular 105 90.52 9.20 (8.92)

Testing Visual Field (VF) During Driving license Processing Per Country

Yes/INo (N=121) 0.1037%*
Yes 77 63.64 8.62 (8.74)

No 44 36.36 12.00 (9.49)

Specifying Monocular Vision (one-eyed) Criteria During Driving license Processing Per

Country®##

Yes/INo (N=121) 0.5483**
Yes 9l 75.21 9.40 (7.82)

No 30 2479 12.50 (14.40)

Notes: *Kruskal-Wallis sample test, **Wilcoxon Two test or, ¥**Meaning of having a monocular vision criteria (Yes/No): Minimum VA, Minimum VF, restricted license, one-
eye not allowed to drive and a decision by an eye experts.
Abbreviations: VA, visual acuity; VF, visual function.

stricter countries with four or more visual tests. Kruskal-Wallis sample test revealed that the median RTA-related death
rate differed significantly between the countries that required none or one, two, three and four or more visual functions
tests (p < 0.05). Thus, more visual restrictions and tests for acquiring adriving license reduces RTA-related death rates,
thereby resulting in safer driving (Figure 2).

Figure 3 lists each country (classified and colored by continent/region) according to the RTA-related death rates and
the total number of visual function tests required.

Among the 121 countries included, the majority (116, 95.87%) issue driving licenses to drivers who pass VA tests,
while five (4.13%) countries administer additional examinations, as shown in Table 6. The VA test was assessed
binocularly in 105 countries and monocularly in 11. However, the median RTA-related death rate (IQR) when VA
testing was performed was 9.50 (8.82). Wilcoxon two-sample test revealed that VA had no significant effect on RTA-
related death rates (p > 0.05), even when tested monocularly, with a median (IQR) RTA-related death rate of 10.01
(9.02) and 9.20 (8.92) for VA testing binocularly (p > 0.05). Figure 4A shows the RTA death rate among the countries
that consider VA testing and countries that do not, and Figure 4B shows the countries that tested VA monocularly or

binocularly.
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RTAs Fatalities Rate Per 100,000 Population
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Figure 2 Distribution of RTA-related death rate per 100,000 population by the total number of visual function tests for driving license (I: one test, 2: two test, etc).

Abbreviation: RTA, road traffic accident.
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Figure 3 Countries listed by RTA-related death rate and the total number of visual function tests.
Abbreviation: RTA, road traffic accident.
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Figure 4 Distribution of RTA-related death rate per 100,000 population according to VA. testing. (A) Countries that consider VA testing (Yes) and countries that do not
consider VA testing (No). (B) The countries tested VA monocular or binocular.
Abbreviation: RTA, road traffic accident.

As shown in Table 7, the minimum VA with corrective lenses required to acquire a driving license varied among the
countries, ranging from 6/6—6/18 (6/6 for four countries, 6/7.5 for five, 6/8.5 for one, 6/9 for three, 6/10 for one, 6/12 for
92 countries, 6/15 for three, and 6/18 for six). A VA value of 6/12 was the most common minimum vision requirement to
drive (80%). Drivers must have their field of vision assessed in 77 (63.64%) countries. In contrast, 28 (23.53%) countries
do not require VF testing. The median (IQR) RTA-related death rate for countries that did and did not conduct the VF test
was 8.62 (8.74) and 12.00 (9.49), respectively. No statistically significant association was observed between RTA-related
death rates and VF testing during the licensing process (p = 0.1037). Figure 5 shows the RTA-related death rate among
the countries that require VF testing and those that do not.

Ninety-one countries specified visual requirements for one-eye individuals to drive, with a media (IQR) RTA-related
death rate of 9.40 (7.82), whereas 30 countries did not, with RTA-related death rate of 2.50 (14.90). No significant

association was observed between RTA-related death rates and the monocular vision allowance criteria for driving (p =

Table 7 Descriptive Characteristics for Minimum Required VA with Corrective Lenses for
Driving License Among Countries

Minimum Required # of Countries and Percent (%) Median (IOR)
VA with Corrective States

Lenses per Country

(N=115)*

6/6 4 3.48 8.65 (7.00)
6/7.5 5 435 9.20 (4.59)
6/8.5 | 0.87 5.90 (3.60)
6/9 3 2.6l 20.70 (2.10)
6/10 | 0.87 2.10 (0.00)
6/12 92 80.00 9.28 (8.64)
6/15 3 2.61 6.29 (26.90)
6/18 6 5.22 13.32 (3.20)

Note: *Iran not included because they use non-standard VA scale 12/10 or 14/10.
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Figure 5 Distribution of RTA-related death rate per 100,000 population according to VF testing (Yes: participants underwent VF testing, No: participants did not undergo VF testing).
Abbreviation: RTA, road traffic accident.
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Figure 6 Distribution of RTA-related death rate per 100,000 population according to the monocular vision criteria (Yes: participants met the monocular vision criteria, No:
participants did not meet the monocular vision criteria).
Abbreviation: RTA, road traffic accident.

0.5483). Figure 6 shows the distribution of RTA-related death rates according to the countries that had criteria for one-
eyed drivers and the countries that did not, as illustrated in Table 6.

The minimum VA with corrective lenses for one-eyed individuals to acquire a driving license was 6/12 in most countries.
However, variations were observed between countries in terms of the minimum VA, ranging from 6/6—6/18 (Table 8).
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Table 8 Descriptive Characteristics for Minimum Required VA with Corrective Lenses
for Driving License Among Countries for One-Eyed

Minimum Required VA # of Countries Percent (%) Median (IOR)
with Corrective Lenses for and States
Monocular Vision per
Country (N=83)

66 5 6.02 8.90 (3.90)
6/1.5 4 482 6.50 (4.45)
619 5 6.02 19.70 (12.34)
6/10 17 20.48 5.80 (3.90)
6/12 49 59.04 11.68 (6.55)
6/15 2 241 11.23 (9.88)
6/18 [ 1.20 14.04 (0.00)

Driving Exposures and Enforcement of Road Safety Laws

Three driving safety laws were considered in the current analysis and are listed in Table 9. Among the 121 countries/regions
included in the analysis, the enforcement scores of 58, 60, and 59 countries (see point 4 on search strategy and data collection in
the Methods section) for speeding, drunk driving, and seat-belt laws were identified, respectively. Approximately half of the
countries met the criteria for excellent effectiveness (score of 7-10) in all three laws. Twenty-two countries have average
enforcement scores (score of 4-6) for speeding laws, 24 countries for drunk-driving legislation, and 20 countries for seat-belt
usage. However, four, two, and five countries poorly (score of 0-3) addressed the risks of speeding, drunk driving, and seat belt
usage, respectively. With regards to speeding laws, the median (IQR) RTA-related death rate was 15.50 (4.10) for poor
enforcement, 12.70 (16.30) for average enforcement, and 5.55 (5.00) for excellent enforcement. With regards to drunk driving
laws, the median (IQR) RTA-related death rate was 20.30 (10.80) for poor enforcement, 14.20 (15.70) for average enforcement,
and 6.00 (5.50) for excellent enforcement. Furthermore, for seat belt laws, the RTA-related death rate was 16.20 (10.10) for poor
enforcement, 12.50 (15.70) for average enforcement, and 5.85 (5.00) for excellent enforcement. As expected, all these laws had
a significant impact on the RTA-related death rates, with p-values of 0.0025, 0.0060, and 0.0006 for speed limits, drunk driving,
and seat belt laws, respectively. Figures 7A—C show the association of RTA-related death rates with the enforcement scores (best
[7-10], moderate [4—6], and poor [0-3] enforcement) for speeding, drunk driving, and seat belt laws, respectively.

Table 9 Descriptive Characteristics and the Association of RTAs Death Rate with Driving Safety Laws

Effectiveness of Enforcement Efforts on | # of Countries and Percent (%) Median (IOR) P-value
Road Safety Laws (N=121) States

Speed Law Per Country (N=58) 0.0025*
0-3 4 6.90 15.50 (4.10)

4-6 22 37.93 12.70 (16.30)

7-10 32 55.17 5.55 (5.00)

Alcohol Drinking Law Per Country (N=60) 0.0060*
0-3 2 333 20.30 (10.80)

4-6 24 40.00 14.20 (15.70)

7-10 34 56.67 6.00 (5.50)

Seat-Belt Law Per Country (N=59) 0.0006*
0-3 5 8.47 16.20 (10.10)

4-6 20 33.90 12.50 (15.70)

7-10 34 57.63 5.85 (5.00)

Note: Kruskal-Wallis sample test*
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Figure 7 Distribution of RTA-related death rate per 100,000 population according to the road safety enforcements scores. (A) Seatbelt legalization, (B) speed, (C) alcohol
drunk driving.
Abbreviation: RTA, road traffic accident.

Discussion

Many countries have strict regulations and visual function assessment methodologies for driving-license applications to
maintain road safety. In contrast, others may be permissive or do not follow specific guidelines. It is unclear which
country’s requirements should be followed due to being the most efficient in maintaining driver safety. This study aimed
to summarize the global visual standards for driving and investigate the effect of driving safety laws on drunk driving,
seat belt usage, speeding, and the visual standards on RTA-related death rates in different countries. The aim of this paper
was to aid in the process of developing and updating driving regulations and guidelines for issuing and renewing driving
licenses to improve road safety.

Having fewer visual requirements for obtaining a driving license significantly increased the risk of RTA-related
deaths according to our findings. Developed countries have strict road laws for speeding; drunk driving; and the use of
helmets, seat belts, and child seats to maintain road safety.> The lower RTA-related death rates in these countries may be
attributed to these laws. However, according to a study by Piyasena et al*® low-income countries need better adherence to
driving license regulations in terms of visual requirements. Similarly, the findings of the present study showed that most
countries with higher RTA-related death rates have fewer visual function tests and were mainly African.

The results for VA revealed no substantial association between VA testing and the incidence of deadly RTAs.
A review by Owsley and McGwin,'® concluded that VA has a weak association with safe driving. Similarly, a more
recent review by Thorslund and Strand”* reported that many other studies had similar findings, and none of them reported
a strong association between VA and road safety. They hypothesized that VA was tested under optimal conditions rarely
observed in traffic. However, the lack of association between VA and RTA-related death rates in the present study could
be attributed to the data, which were based on publicly available information from different countries. Therefore,
a comparison was performed between the groups with high variability, resulting in insufficient statistical power (Table 6).

According to the findings of the present study, VF was not directly correlated with RTA fatalities. This result is
consistent with the findings of previous studies.””’® However, Johnson and Keltner,”” suggested that drivers with
binocularly impaired VF are at a greater risk of being involved in RTAs than those without impairment. Furthermore,

1,”® who studied VF defects in patients with glaucoma, reported that individuals with moderate or severe VF

McGwin et a
impairment are more likely to be involved in car accidents. Rubin et al’® also suggested that VF loss was a significant
predictor of road accident involvement. According to the literature, the useful field of vision testing is the best test for
predicting driving performance.”® This discrepancy may be attributed to the differences in methodological factors and
variations in VF assessment. Therefore, direct comparisons may not be possible. Compensatory eye and head movements
by visually impaired drivers could also be a contributing factor." However, poor VF results in decreased awareness of

objects in the peripheral vision.'” For example, a driver with decreased visual field needs to be made aware of

Clinical Optometry 2023:15 https: 241

Dove:


https://www.dovepress.com
https://www.dovepress.com

Almatar et al Dove

a pedestrian crossing the street while taking a turn. Furthermore, an optimal field of vision is required for street lane
positioning, especially in curves.®® Hence, VF testing is an important measure to maintain driving safety.

Specifying the criterion for one-eyed individuals was unrelated to RTA-related death rates according to the results of
this study. Moreover, countries that defined visual requirements for one-eyed drivers in terms of minimum VA, VF, or
both exhibited no differences from countries that did not. Evidence on the association between monocular vision and the
incidence of accidents is limited and far from conclusive. However, it is important to recognize the importance of
defining criteria for one-eyed individuals; their limited field of vision and lack of depth perception is well-known, making
it difficult for them to judge distance.®' These results indicated that binocular visual function assessments are required to
ensure traffic safety.

The present study showed that countries with more visual function tests have lower RTA-related death rates.
Kuwait*® and Nigeria®® require only one test, the VA test, for issuing and renewing a driving license; these countries
have high RTA-related death rates (17.6 and 21.4 respectively’). In contrast, VA and VF are tested in Georgia;*'>* >
however, the RTA-related death rate was higher in Georgia than that in countries that require more vision tests, such as
France.>'*” Vision testing should be more comprehensive and must provide more information regarding other visual
functions required for driving. Conducting other tests, such as color vision tests, could be even more important for
specific drivers with higher responsibilities, such as bus and heavy truck drivers. Color vision problems were reported
as risk factors for the incidence of RTAs.>° However, color vision testing is not included in the testing protocol of
many countries, such as Spain,3l‘37‘39 Taiwan,’’ Mexico,>>** Alaska®'*3° and California.”®7%®! Moreover, the
ability to perform regular activities, such as reading signs or being aware of pedestrians crossing the road, is not
the same in all conditions.?> Therefore, it is important to include a contrast sensitivity test to evaluate vision in
different contrast conditions.

As indicated by the findings of the present study, other confounding factors, such as speed limits, drunk driving, and seat
belt use, maintain road safety and significantly affect the RTA-related death rates. This effect has been observed in numerous
studies,'>**"* where the RTA-related death rate was less when a country had vigorous enforcement and laws on speed limits,
drunk driving, and seat belt usage. An earlier study conducted by Abbas et al'* examined the association between seatbelt
usage and the frequency of road traffic fatalities and found a strong significant negative correlation (p < 0.00001) between
seat belt usage and the incidence of RTA-related fatalities with a linear regression (R) of 0.77. According to the Centers for
Disease Control and Prevention,®” drivers not using seat belts are more likely to be thrown from their vehicle, thereby greatly
increasing their risk of death and severe injury. This explains the findings of the present study on why countries with strict
legislation and punishments for seat belt usage are more likely to have a lower rate of RTA-related fatalities.

Moreover, strong enforcement of laws pertaining to drunk drivers lowers the rate of RTA-related deaths.'®'"** The
legal limit for blood alcohol concentration (percent of alcohol in an individual bloodstream) for driving is 0.08% in the
majority of the states in the USA.*® Fell and Voas®’ concluded that lowering the blood alcohol concentration from the
legal limit of 0.08% to 0.05% is associated with reduced RTA-related rates.

Speeding is another contributory factor to RTA-related fatalities and significantly affects the death rate. The
narrative review by Esmaeilnejad-Ganj et al®? reviewed the risk factors for RTA-related mortality and illustrated
how high speed is a crucial risk factor. The WHO Managing Speed Report provides critical details on the impact
of speeding on fatal crashes, where an increase of 1 km/h in average vehicle speed causes increase the likelihood
of fatal crashes by 45%.%® Each country has its own speed limit laws, depending on the street and vehicle
types.®”?® Many countries have imposed automated systems to detect speeding with strict penalties.”’ Other
countries ticket occupants of the vehicle for not wearing seat belts.”> Some countries have also considered legal
sanctions for driving under the influence of alcohol.”® However, poor enforcement and the absence of laws that
address these risks remain an issue in some countries. Promoting law enforcement and implementing safety
standards for drivers while maintaining strict driving license vision requirements will improve road safety.

Limitations and Future Research
The present study has some limitations. Only vision requirements available in English were included. Furthermore, only
limited confounding factors related to driving safety were investigated in the present study. Moreover, the data was
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collected for the period between 2019 and 2021. The included countries may have changed or modified their vision
standards during or after the study period.

Future research should investigate whether data are available online in other languages or whether phone calls, emails, or
other means would be required to determine the existing vision requirements for drivers, if any, in the countries that were
excluded from the present study. Collecting more thorough information on minor accidents, overall rate of RTAs, and other
driving confounding factors, such as the use of drugs and mobile phones, to identify additional variables influencing RTAs.
Further clinical studies must be conducted to understand the importance of each visual test alone in reducing RTAs.

Conclusions

This study aimed to compile a global list of the standard tests for driving licenses and investigate the impact of driving
regulations and vision functions on RTA-related death rates. Many countries lack vision requirements for issuing driving
licenses and, equally importantly, they lack revocation/suspension policies. Most countries offer a license if a particular
set of criteria is met, with many considering VA tests as a benchmark. A minimum VA of 6/12 is required among many
countries and could be used as the standard. A minimum VF is the second most common requirement in terms of visual
function tests, especially in the US. Other visual examinations, such as color vision testing and diplopia screening, are
considered part of the requirements in various countries but are rarely employed.

The association was statistically significant for the total number of visual function tests and RTA-related death rate.
Countries with more visual function tests and licensing standards had lower rates of RTA-related fatalities. Each visual
screening test alone is weakly linked to driver safety in terms of RTA-related death rate. Vision testing should be more
comprehensive and include additional visual function tests. Improving the efficacy of visual function assessment requires
a more realistic approach, which could be achieved by performing more than simple VA testing and providing clear
policies regarding vision requirements and vision measurements for the application, renewal, suspension, and revocation
of driving licenses.
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