Understanding Vision Deficiency

COLOR BLINDNESS




How the Eye Sees Color

Color vision begins when light enters the eye through the cornea and lens,
focusing on the retina at the back of the eye. The retina contains specialized
photoreceptor cells that convert light into electrical signals. These signals
travel along the optic nerve to the visual cortex in the brain, where color
perception is processed and interpreted.
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Main Types

Types of
Color
Blindnhess

Red-Green Color Blindness

The most common form, affecting approximately 8% of
males and 0.5% of females. Includes protanopia (red
blindness) and deuteranopia (green blindness), caused by
missing or dysfunctional L-cones or M-cones respectively.

Blue-Yellow Color Blindness

Also known as tritanopia, this rare condition affects the S-
cones responsible for detecting blue light. Patients have
difficulty distinguishing between blue and green, and
between yellow and red. Affects males and females equally.

Complete Color Blindness (Monochromacy)

The rarest and most severe form where individuals see only
in shades of gray. Caused by absence or dysfunction of two
or all three cone types. Often accompanied by other visual
impairments including reduced acuity and light sensitivity.



Red-Green Color
Blindness

Red-green color blindness is the most common form, affecting approximately 8% of
men and 0.5% of women of Northern European descent. It encompasses two main
types: Protanopia and Deuteranopia. Protanopia results from the absence of red-
sensitive cone cells (L-cones), causing reds to appear as dark browns or blacks, and
difficulty distinguishing red from green. Deuteranopia occurs when green-sensitive
cone cells (M-cones) are missing, making greens appear beige and reds appear
brownish-yellow.

Both conditions are X-linked recessive traits, explaining the higher prevalence in
males. Milder forms include Protanomaly (reduced red sensitivity) and
Deuteranomaly (reduced green sensitivity), which are more common than complete
absence. Individuals with red-green deficiency may struggle with traffic lights, color-
coded information, and distinguishing ripe from unripe fruit. Understanding these
distinctions is essential for creating accessible designs and providing appropriate

support in clinical and professional settings. NORMALIS PROTANDPAIA
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Blue-Yellow
Color
Blindness

Tritanopia and tritanomaly affect the blue-yellow spectrum and are
significantly rarer than red-green deficiencies, occurring in approximately 1
in 10,000 people. This condition results from absent or malfunctioning S-
cones (short-wavelength), which are responsible for detecting blue light.
Individuals with tritanopia have difficulty distinguishing between blue and
green, as well as yellow and violet. Unlike red-green deficiency, blue-yellow
color blindness affects males and females equally, as it is linked to
chromosome 7 rather than the X chromosome. Acquired tritanopia can also

develop due to aging, certain medications, or conditions affecting the optic
nerve.




Achromatopsia IS an
extremely rare condition
affecting approximately 1
in 30,000 people.
Individuals with this
condition see the world
entirely in shades of gray,
black, and white, with no
ability to perceive any color
whatsoever.

Patients often experience
involuntary eye
movements (nystagmus)
and must wear dark
glasses or tinted lenses to
function in normal
lighting conditions. Bright
environments can be
physically painful.

BComplete Color Blindness

Complete achromatopsia
is typically inherited as an
autosomal recessive trait.
Both parents must carry
the gene mutation for a
child to be affected,
though carriers
themselves have normal
color vision.

Rod cells are designed for
low-light vision and cannot
distinguish  colors.  This
reliance on rods also
causes extreme light
sensitivity  (photophobia)
and reduced visual acuity,
typically 20/200 or worse.

This condition results
from a complete
absence or dysfunction
of all three types of
cone photoreceptors in
the retina. Without
functioning cones, the
visual system relies
entirely on rod cells for
vision.

While there is currently no
cure, gene therapy
research shows promising
results. Clinical trials are
exploring treatments that
could potentially restore
some cone function in
affected individuals.



Causes of
Color
Blindness

Genetic Inheritance: The most common cause
is inherited genetic mutations on the X
chromosome. Males are more frequently
affected as they have only one X chromosome.
The genes responsible encode for
photopigments in cone cells essential for color
perception.

Acquired Conditions: Color vision deficiency
can develop from aging, certain medications,
chronic diseases (diabetes, glaucoma, macular
degeneration), chemical exposure, or
traumatic brain injury affecting the optic nerve
or visual cortex.

8 O /0 Risk Factors: Family history significantly

increases risk. Males have 8% prevalence
Inherited Cases versus 0.5% in females due to X-linked
recessive inheritance. Occupational hazards,
certain medications, and pre-existing eye
conditions also elevate risk.




Symptoms & Signs

Color blindness symptoms often go unnoticed until formal testing, as individuals adapt
to their color perception from birth. However, recognizing the signs is crucial for early
intervention and workplace accommodations. Symptoms range from subtle color confusion
to significant challenges in color-dependent tasks, impacting both personal and professional
environments.

Difficulty distinguishing Challenges reading color-
between red and green coded information including
hues, or confusing colors charts, graphs, maps, traffic
that appear similar, such as signals, and warning

purple and blue or pink and indicators in professional
gray settings

Perceiving colors as less Difficulty in occupations
vibrant or "washed out" requiring precise color
compared to normal vision, discrimination: electrical work,
often described as seeing in laboratory analysis, graphic

muted or dull tones design, and medical diagnostics




Diagnosis

The Ishihara Color Test is the most widely
used screening tool for red-green color vision
deficiencies. Developed by Dr. Shinobu Ishihara
in 1917, it consists of 38 plates containing
colored dots that form numbers or patterns
visible only to those with normal color vision. The . > a8 .
test is quick, non-invasive, and highly effective for | ‘
initial screening in clinical and occupational ' i 4
settings.

Additional diagnostic tools include the Farnsworth-
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For comprehensive evaluation, electroretinography
(ERG) can assess cone function directly. Early
diagnosis enables appropriate accommodations
and career guidance for affected individuals.



While color blindness has no cure, effective management
strategies exist. Assistive technologies include color-identifying

Management smartphone apps, specialized glasses (EnChroma, Pilestone),

and browser extensions that adjust website colors. Workplace
& Support accommodations involve proper labeling systems, color-coded
alternatives using patterns or symbols, and adjusted lighting
conditions. Educational resources and support groups help
patients adapt daily routines. Healthcare professionals should
provide clear guidance on available tools and connect patients
with occupational specialists when needed.
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