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Abstract

Keywords

Background and aims: Considering the few published population-based
studies about vocational driver vision, this study was conducted to determine Color Blindness
the prevalence of color vision deficiencies and refractive errors in vocational
drivers applying for a health card in Shahrood.

Refractive Errors
Methods: In this cross-sectional study, among the vocational drivers of Semnan Vocational Drivers
province who were registered to obtain/renew a health card at the occupational Shahrood

health center, 2856 eligible persons were included in the study. In all candidates,

refractive errors and visual acuity (with and without correction) were measured,

and color vision was tested using Ishihara pseudo-isochromatic plates.

Results: Among 2856 participants with an average age of 38.09 + 7.2 years (range
of 23 to 61 years), 197 participants (6.89% of the population) had color vision
disorders. 108 participants (3.78%) had deuteranomaly, 33 persons (1.15%)
had protanomaly, 31 persons (1.1%) had deuteranopia, 23 persons (0.8%) had
protanopia, and 2 persons (0.07%) were totally color blind. The average visual

acuity of the right eye Yvithout correction was 0.81 + 0.18 decimal and the left Received: 2023/07/29
eye was 0.78 + 0.17 decimal. These values were reported as 0.99 + 0.01 and 0.99
+ 0.02 for the right and left eyes (respectively) with correction. The prevalence Accepted : 2024/07/16

of myopia and hyperopia among color blinds was 18% and 9.7%, respectively,
and in the entire studied population, it was 21.7% and 10.8%, respectively.

Conclusion: Considering the importance of vision health in the study group
and the fact that vocational drivers have reached these stages after obtaining
all related driving licenses, their prevalence of CVD and refractive errors is
considerable.
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EXTENDED ABSTRACT

INTRODUCTION

Driving is one of the main modes of travel in
many countries and is strongly related to vision for
its successful performance. Driving facilitates the
implementation of many common daily activities
and is therefore directly related to the concept of
“quality of life”. Proper vision is considered one of
the main components of safe driving. Tagarelli A and
his colleagues, in a study in 2004 examining the daily
life and driving problems of people with color vision
deficiencies (CVD), concluded that those with color
vision disorders preferred daytime driving to night
hours and did not show interest in regular driving,
while for people with natural color vision, driving day
and night did not differ.

CVD is one of the most common genetic defects
that can be seen in all societies. The genes that are
sensitive to red and green visual pigments are located
on the X chromosome in the Xq28 band, and their
related disorders are transmitted in an X-linked
recessive manner. As a result, red-green color disorder
is more common in males than females. Color vision
disorder can also appear after retinal damage, optic
nerve damage, or as a side effect of drugs in an
acquired form. Many studies have been conducted on
the prevalence of color blindness in different societies,
mainly on the student population, and the prevalence
0f 2.5% to 8.72% in boys and 0.33% to 1.2% in girls has
been reported. Color vision standards are implemented
in road, rail, marine, and air transportation, and in
most cases, there are strong objections from persons
who do not pass these standards.

People with protanopia in Australia are deprived
of driving licenses for commercial cars because of the
inherent loss of this group’s ability to recognize red
lights and their high number of accidents when facing
traffic lights. Also, Cole BL concluded in his previous
study that protanopes (regardless of its severity and
weakness) have less ability to recognize red light than
normal, therefore they are more likely to be involved
in road accidents.

In laboratory and outdoor research on driver
difficulty with color blindness and the analysis of
their ability to safely detect traffic lights, it is argued
that imposing a color vision standard on drivers
can be as efficient as traffic engineering affairs, such
as improving the brightness of street lights. Since
compliance with the color vision standard will be
difficult for a significant number of vocational drivers,
an alternative method of improving signs and warning
lights is preferred. Although it will be time-consuming,
there should be a color vision standard for commercial
vehicle drivers, if not for all drivers.

Obviously, refractive errors are considered the
most common type of vision disorder, which, if not
corrected, will become one of the factors leading

to preventable blindness and low vision. Visual
impairment due to uncorrected refractive errors
can have immediate and long-term consequences
for children and adults. These include reducing the
quality of life, affecting educational and occupational
opportunities, limiting social activities, and thus
becoming an economic burden for the health systems
of individuals and countries.

According to the mentioned subjects, the
investigation of the prevalence of refractive errors and,
more importantly, the condition of color blindness in
vocational drivers who apply for a health card has
more importance and priority in the decision-making
process of traffic officials. Improving warning systems
and analyzing the causes of accident increments and
prevention or reduction methods will be beneficial.
These periodical examinations are required once
every two years for those under 45 years of age and
once every year for older drivers. Determining the
prevalence of common vision disorders such as color
blindness and refractive errors will be beneficial in
preventing and solving occupational eye problems.

Considering the presence of more than 400,000
trucks in the road transport field and their share of
more than 90% of road transit, addressing the vision
problems of this group of the country’s population and
the activists in the field of transport is an undeniable
necessity.

Since most of the studies conducted in the country
on color blindness and refractive errors are limited
to the student population, no study has yet directly
addressed vocational road drivers. Similar studies,
such as those by Mehdi Malek and his colleagues in
2007 on the prevalence of color blindness in Yazd
Railway employees, reported the prevalence of red-
green color blindness in the studied population as
54.7%. Masoume Ahadi studied color blindness and
refractive errors in industrial workers in Abhar in
2021 and reported the prevalence of refractive errors
as lower than the average of similar studies, with the
amount of color blindness similar to related studies.
The purpose of this study is to evaluate the prevalence
of color blindness and refractive errors in this group of
vocational drivers in the country.

METHODOLOGY

This descriptive cross-sectional study was
conducted among male vocational drivers who
referred to obtain a health card in Shahrood city
(Semnan province). All volunteers who referred to this
occupational health examination center (Occupational
Medicine Clinic) from 2018 to 2019, after completing
the related sheet in the occupational health unit, along
with other general medical examinations, audiology,
spirometry, and blood tests, were introduced to
eye examinations by an expert optometrist. These
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examinations included the measurement of visual
acuity (with and without glasses) with the Dong
Yang chart projector, the determination of objective
refraction using the KR1 Topcon auto refractometer
and, if needed, with the 3200 Heine retinoscope and
the MSD trial lens box, as well as the evaluation of
color vision using Ishihara pseudo-isochromatic
plates (24 pages) in standard lighting conditions (250
to 300 lux). Additionally, a cover test (with LUNEAU
prism bar) was conducted to detect any tropia
leading to diplopia, and a visual field screening test
(confrontation) was performed. The refractive status
of the participants was classified into six groups as
follows: Emmetropia (spherical component between
-0.50 and +0.50 diopters and cylinder component
equal to or less than 0.50 diopters), myopia (myopia
above half a diopter and cylinder less than half a
diopter), hyperopia (hypermetropia above half a
diopter and cylinder less than half a diopter), myopic
astigmatism (myopia above half a diopter and cylinder
more than half a diopter), hyperopic astigmatism
(hypermetropia above half a diopter and cylinder more
than half a diopter), and cylindrical ones (myopia or
hyperopia below half a diopter and cylinder more than
half a diopter). If the visual acuity was not completed,
the subjects underwent supplementary optometric
examinations, such as slit lamp (Haag-Streit)
examinations for anterior segment and crystalline
lens disorders, as well as fundoscopy (with Heine
200 ophthalmoscope) to identify posterior segment
problems and, if necessary, for referral to relevant
specialists. People who had pathological eye problems,
as well as obvious strabismus or significant limitation
of the field of vision, were excluded from the study.
For other participants, while explaining the study and
its goals, in accordance with the Helsinki Declaration,
written consent was obtained for the use of their data in
the study presentation. At the same time, the obtained
results were collected in Excel software and finally
analyzed by IBM SPSS Statistics for Windows (version
21.0, IBM Corp., Armonk, NY). Due to the normal
distribution of data (Shapiro-Wilk test), descriptive
statistical tests, including mean and dispersion indices,
were used for data analysis. This study was carried out
with the permission of the Human Ethics Committee
of Shahid Beheshti University of Medical Sciences
(number code IR.SBMU.RETECH.REC.1402.092).

RESULTS

Among 2856 male participants with an average
age of 38.08 + 7.2 years (with a range of 23 to 61
years), 197 people (6.89% of the population) had
color vision disorders (CVD). Of these, 108 (3.78%)
had deuteranomaly, 33 (1.15%) had protanomaly, 31
(1.08%) had deuteranopia, 23 (0.8%) had protanopia,
and 2 (0.07%) were totally color blind. The average

Prevalence of color vision deficiencies and refractive errots...

uncorrected visual acuity of the right eye was 0.81 +
0.18 and the left eye was 0.78 + 0.17 decimal. These
values were reported as 0.99 + 0.01 and 0.99 * 0.02
decimal for the right and left eyes with correction,
respectively.

The prevalence of emmetropes, myopia, hyperopia,
astigmatism, myopic astigmatism, and hyperopic
astigmatism among CVD subjects (197 people) was
45.3%, 18%, 9.7%, 9%, 13.6%, and 4.4%, respectively.
In the total population, the prevalence was 41%,
21.7%, 10.8%, 8.2%, 13.1%, and 5.2%, respectively.
The results obtained in the normal color vision group
were 39.5%, 23.4%, 8.8%, 7.6%, 15.6%, and 5.1%,
respectively. The most common type of refractive
error was myopia. According to the age range of the
participants (38 years), the prevalence of refractive
errors in two groups, under 40 years and over 40
years, was also investigated. Under the age of 40, the
prevalence of myopia, hyperopia, and astigmatism
was 23.6%, 8.4%, and 8.2%, respectively, and myopic
astigmatism and hyperopic astigmatism were 12.5%
and 5.1%, respectively. In the age range of over 40
years, the prevalence of myopia, hyperopia, and
astigmatism was 18.9%, 14.4%, and 8.1%, respectively,
and myopic astigmatism and hyperopic astigmatism
were 14.2% and 5.2%, respectively.

DISCUSSION

Color vision is an integral part of the vision
system. In many jobs, successful and safe performance
in the work environment is related to proper vision.
Color vision disorders may lead to difficulties in
daily activities and even in choosing or continuing a
certain job. In every work, it is necessary to control
and adjust the standards of far and near vision, color
vision, peripheral vision, and some other components
of vision. In this study, two important aspects of the
visual system, visual acuity and color vision, have been
investigated. Despite a relatively extensive search,
no study related to color vision disorders or even
refractive errors of vocational road drivers was found
in the country. According to the data of the study,
6.89% of vocational drivers have color vision disorders
and 59% have refractive error problems. A review of
sources shows that the prevalence of hereditary red-
green color vision deficiency in different communities
is between 0.8% and 9.3% in men and between 0.4%
and 3.2% in women. In a study, the prevalence of color
blindness in Iran was reported as 4.4% in men and
0.7% in women. Despite the differences in race and
considering genetic factors, the results of this study
(6.89%) are similar to previous studies.

According to the division of the participants into
two groups, under and over 40 years of age, only in
myopia and hyperopia between the two groups,
a significant difference was obtained (P<0.05). In
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other refractive errors, no significant difference was
observed between the two age groups. Also, in general,
no significant difference was found in the refractive
errors of the group with color vision disorders and
the normal color vision group, which is somewhat
consistent with the study of Ahadi et al. in different
groups of industrial workers in Abhar. Although, in
a study conducted on 16,539 students in 2009, the
prevalence of myopia in students with color vision
disorders has been reported to be lower, which is due
to the racial and geographic differences as well as the
major difference in the age group in the two studies.
To be justified, in a study conducted in Qazvin in
2014 on children between 10 and 25 years old, similar
results were obtained, and the participants’ color
blindness did not have a significant difference with
their refractive errors.

One of the limitations of this study was the lack
of access to the records of the drivers participating
in the study regarding the amount and severity of
occupational problems or the number of possible
accidents.

CONCLUSION

The significant prevalence of color vision disorders
and refractive errors in vocational drivers, who have
reached this stage after obtaining all the necessary
driving licenses, indicates that color vision screening
and refraction evaluation are necessary to prevent
possible accidents caused by these disorders.
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