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In humans, complete inability to see colors (monochromacy) is
extremely rare; therefore, “colorblindness” is a misnomer. How-
ever, color vision deficiency (the preferred, technically correct
term) is relatively common, affecting 1 of 12 (8%) males and 1 of
200 (0.5%) females.1 Color is perceived by cone cells in the retina,
of which there are three types, each most sensitive to red, green
or blue. Defective red (long wavelength) cells result in protanopia;
defective green (medium wavelength) cells result in deuterano-
pia.2 Both defects are transmitted in an X-linked manner, and
result in the so-called “red-green” color vision deficiency. About
2% of males are protanopes and 6% are deuteranopes. Defective
blue cone cells, tritanopia, are not X-linked, and are rare.1,2

The relatively high prevalence of color vision deficiency,
particularly among males, should be considered by anyone who
prepares color figures for publication, slides for presentation, and
indeed, any venue where differentiating colors matters for
understanding the information being conveyed. Hints for prepar-
ing graphs, charts, and other figures, as well as websites where
figures can be checked for how they will be perceived by color-
vision-deficient individuals, have been published recently, and
readers are referred there for specific guidance.1,3–5

Some advice can be given. Perhaps the most important advice
is not related to color vision deficiency: a substantial number,
perhaps a majority, of manuscript and grant reviewers prefer to
print out the material, rather than read it online; many of them do
not use a color printer. Most of the information in elegant graphs,
fluorescent images, and heat maps will be completely lost to those
reviewers, perhaps to the detriment of your submission. Authors
are well-advised to provide brief verbal summaries of the graphics
for the benefit of these reviewers. Authors can use techniques that
bypass the need to discern colors: line graphs can employ
different line patterns, and bar and pie graphs can employ
different cross-hatching, in addition to different colors.1,3,5 If
authors must use colors that individuals with deficient color vision
cannot distinguish, hue and saturation can be helpful—a light
green and a medium or dark red, for example, since most affected

individuals can distinguish contrast even if they cannot distinguish
the specific colors. However, some affected individuals see dark
red as black, so authors should exercise caution.1,3,5 Specific color
combinations should be avoided, recognizing that if they cannot,
then differences in color saturation may be helpful. These
combinations include red and green, green and brown, blue
and purple, and several others.5 Blue, which can be perceived
normally by almost everyone, is probably the first color one
should use.1 Yellow is also well perceived, although it may be
difficult to distinguish against a white background; providing a
non-white border can remedy this.1 Finally, white, gray, and black,
while technically not colors, are universally perceived. Additional
guidance is provided in the cited references.
The Journal has no intention of mandating specific color

choices in the figures authors submit, but we do ask that authors
be aware of this concern and do their best to design figures with it
in mind.
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