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Abstract
Colour vision defects (CVDs) can be both congenital and acquired, with acquired dyschromatopsia often
associated with medication toxicity. This review explores various standardised colour vision tests used to
detect these defects, including the Ishihara plate test, Farnsworth-Munsell 100 hue test, and
anomaloscopes. These methods are evaluated for their effectiveness in diagnosing CVDs, particularly in
acquired conditions. Specific focus is given to medications known to induce dyschromatopsia, including
chloroquine and hydroxychloroquine (CQ/HCQ), digoxin, ethambutol (EMB), and phosphodiesterase-5
(PDE-5) inhibitors. CQ/HCQ primarily causes tritan defects at early stages of retinal toxicity and progresses
to red-green defects with more advanced retinopathy. Digoxin-induced CVDs are typically temporary red-
green defects linked to the inhibition of Na+/K+ ATPase in retinal cells. EMB, used to treat tuberculosis, is
associated with blue-yellow (tritan) dyschromatopsia, likely due to optic neuropathy. PDE-5 inhibitors, such
as sildenafil, cause transient blue-tinted vision due to their effect on the phototransduction cascade in
cones. Although most drug-induced CVDs are reversible upon discontinuation, CQ/HCQ toxicity often leads
to irreversible damage. This review underscores the importance of colour vision monitoring in patients on
long-term medication therapy to detect early toxicity and prevent irreversible damage.
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Introduction And Background
Colour vision is the capability of any organism to be able to distinguish objects based on the wavelength of
light reflected, emitted, or transmitted [1]. Dyschromatopsia is simply defined as an impairment or defect of
colour vision, commonly proportional to a degree of visual impairment [2], although this is not always the
case.

Dyschromatopsia is usually separated into congenital and acquired. Acquired is much more prevalent than
congenital dyschromatopsia [3], but the exact prevalence is unknown. It is difficult to distinguish whether an
individual’s colour vision defect (CVD) is congenital or acquired unless they have been monitored previously
or have had the CVD induced. There are several major causes of acquired CVDs; not all the associations are
fully explained. They include glaucoma, cataracts, optic neuritis/neuropathy, photoreceptor disorders,
retinal/chorioretinal dystrophies, age-related macular degeneration (AMD), fundus detachments, cerebral
achromatopsia, and environmental dyschromatopsia [3]. However, the focus of this review will be acquired
dyschromatopsia and its connection to these specific drugs: chloroquine/hydroxychloroquine (CQ/HCQ),
digoxin, ethambutol (EMB), and phosphodiesterase-5 inhibitors (PDE-5 inhibitors).

People with normal colour vision (normal trichromats) have fully functioning cone photoreceptors of all
three types: long, medium, and short [4]. This enables the full spectrum of colours within the visible range to
be seen, including all wavelengths of light between 380 and 700 nm [5]. A CVD arises when one or more
cones are missing or possess an abnormal function [1].

Congenital CVDs (CCVDs) result from non-pathological photopigment level changes that remain the same
over time [1]. It is a recessive X-linked disorder, where total colour blindness is rare and partial is much more
common [6], present from birth or childhood. The prevalence of CCVDs is greater in males (8%) than in
females (0.5%) worldwide [7].

Several studies show that the prevalence of acquired dyschromatopsia is considerably higher than believed
[8]. One study suggested 2% [9], but the exact amount is currently unknown. The most common form of
CCVD is one that affects long- and medium-wavelength photopigments (red-green) [10], whereas
tritanopia/tritanomalous (tritan, blue-yellow) defects are more common in acquired CVDs.
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Standard colour vision tests 
There are multiple ways that colour vision can be detected, assessed, and monitored.

The screening test found in nearly all optometric practices is the pseudoisochromatic Ishihara plate test [11].
There have been studies showing that the test is not sensitive enough to detect acquired dyschromatopsia
but is better for CCVDs [12]. This is due to acquired CVD usually being S-cone mechanism deficient rather
than M-L cone deficient, unlike CCVD [3]. The American Optical Hardy-Rand-Rittler (AO-HRR) test is also
primarily used for CCVD (including tritan) detection but can detect moderate and severe acquired CVDs [13].
It consists of various colour difference steps to grade the defect. The FM-100 hue test is another ordering
test which consists of the patient grading the progression of 100 disks of Munsell paper [14]. It is considered
the gold standard in terms of acquired CVD detection and diagnosis [15]. The D-15 test is also an ordering
colour vision test consisting of coloured caps (similar to FM-100 hue but fewer), and the aim is to
dichotomise the colour normal from the colour deficient patient [16]. However, both FM-100 hue and D-15
are not good screening tests as there are too many requirements and the length of time needed to complete
them is much longer than Ishihara, which remains the most practical for use in a clinical setting.

There are desaturated versions that help to improve the sensitivity of the testing. Another form of colour
vision testing is by matching, and the primary one to look at would be Rayleigh. Lord Rayleigh developed an
equation to be used for patients to match a red-green mixture to a monochromatic yellow [17], which is used
in anomaloscopes.

These tests have been used to assess and diagnose the colour vision associated with the drugs that will be
spoken about in this review.

Chloroquine and hydroxychloroquine (CQ and HCQ)
CQ is a prototypical antimalarial agent used to prevent and treat malaria and amebiasis (intestine infection)
[18,19]. HCQ is a derivative of CQ but is less toxic. Its main purposes include the treatment of systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), and Sjörgen’s syndrome
[20]. Studies have shown that the main connection between CQ and HCQ with dyschromatopsia is CQ/HCQ
retinopathy and optic neuropathy. CVDs are often overlooked as an early sign of retinal dysfunction despite
retinal toxicity frequently being characterised by defective colour vision [21]. One study stated that the tritan
defect is the most prevalent form of dyschromatopsia associated with CQ/HCQ toxicity [19]. On the other
hand, with further increased toxicity, a red-green defect is seen.

The full mechanism of CQ/HCQ and how they can affect colour vision is not fully understood. The molecule
binds to melanin compounds in the retinal pigment epithelium (RPE), causing these compounds to
accumulate. Over time, this accumulation disrupts the normal metabolism of the RPE, ultimately leading to
toxicity [22]. The bull’s eye maculopathy is caused by the damaged RPE moving to damaged areas where the
photoreceptors have shed outer segments), leading to photoreceptor loss at the macula. This could explain
the CVD caused at the bull’s eye maculopathy stage of CQ/HCQ toxicity, as there is a loss of cones.

One clinical study looked into the effect that CQ/HCQ has on the inner retinal structures [23]. They
separated the subjects into three groups: group I, consisting of four with CQ/HCQ toxicity with abnormal
fundus; group II, consisting of eight with chronic exposure without fundus changes; and group III,
consisting of eight controls. At the end of the experiment, only three of the patients in group I, all with bull’s
eye maculopathy, had an abnormal colour vision with the pseudometric Ishihara plate test. The third patient
had one eye with CVD, but the other eye was normal. This shows that CVD induced by CQ/HCQ may not be
binocular and may affect one eye only, which was not assessed by many studies and is a strong point in this
particular study. The sample size ended up being small and, therefore, lacked the ability to represent a
general population. This would be needed to decide if the ocular toxicity had a significant connection with
forming CVDs.

A study conducted by Missner et al. also evaluated the use of colour vision assessment in order to measure
the progression of CQ/HCQ treatment and toxicity [24]. Twenty patients, all under long-term treatment of
CQ and HCQ, had their colour vision observed. D-15 and AO-HRR were used, with 15 patients under D-15
and six patients under AO-HRR having a form of CVD detected. The form of CVD was not categorised. There
was high variability in the results of the colour vision testing, so the observers suggested the multifocal
electroretinography (mfERG) technique as more effective. Another study completed by Vu et al. looked
specifically at the detection of CVDs in patients with CQ retinopathy and included a wider range of colour
vision tests [25]. Thirty patients were monitored, all with CQ retinopathy, and 28 failed at least one of the
colour vision tests. The tests included Ishihara, desaturated D-15 (Dsat-15), AO-HRR, and the City University
test (CU). The variety of tests had different levels of specificity and sensitivity, so it did allow for a better
evaluation of colour vision to be made. They concluded that there is a significant correlation between CQ
and acquired dyschromatopsia. However, in both studies, the form of acquired dyschromatopsia was not
noted.

Cabral et al. [18] conducted a study with patients on the long-term use of CQ or HCQ to treat SLE and RA.
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Colour vision monitoring was only observed in nine of the 217 patients with advanced-stage maculopathy.
Only one patient had significantly altered colour vision (seen on Ishihara), and only abnormal results came
from patients with grave maculopathy. The limitations should have been much smaller; however this, was
not the case. Firstly, the type of CVD was not stated, which is key to finding out the specific impact CQ/HCQ
has on colour vision. It only included nine patients being colour vision monitored, and the least effective
colour vision test, Ishihara, was used, which does not pick up acquired CVDs effectively unless quite severe.
The study should have had a larger population sample size and used more effective colour vision tests in
order for appropriate comparisons to be made (i.e. FM-100 hue).

All studies made sure not to include patients with a previous history of CVDs, and the majority did not
include patients with any other ocular conditions that could have an impact on the results. It was agreed
upon by all the studies that the severity of induced drug toxicity impacted the degree of dyschromatopsia
that was experienced by patients. Patients who were on CQ/HCQ, but without any retinopathy/maculopathy,
did not experience a CVD, and this was statistically insignificant. However, the majority of patients who had
bull’s eye maculopathy and severe toxic retinopathy did have an acquired CVD due to the ocular toxicity of
the CQ/HCQ treatment. This is one of the drugs mentioned where colour vision does not return, even after
the drug has been withdrawn from the system [19]. This is due to the compound of the drug remaining in the
retina for several years, even after treatment discontinuation [26].

Digoxin
Digoxin comes under the digitalis family of drugs, which also includes digitoxin, and is extracted from the
leaves of the foxglove plant Digitalis lanata [27,28]. Digoxin is a form of anti-dysrhythmic that is usually
prescribed to control heart failure and cardiac arrhythmias [19] and to relieve symptoms. It decreases heart
failure patient hospitalisation and controls the increased ventricular rate found in patients with atrial
fibrillation [29]. Around 80% of patients, even on therapeutic levels of digoxin, develop a CVD [30]. Digoxin
visual toxicity is suspicious when there are visual symptoms, and the digoxin level is higher than the
therapeutic level [31], even though non-toxic levels can produce ocular toxicity symptoms as well [32].

The retina is considered the initial site of toxicity. The exact mechanism of how it impacts visual function is
not fully understood. Its primary function is to inhibit the Na+ /K+ ATPase pump. This leads to an increase in
sodium ions (Na+) in cells, which then leads to an increase in calcium ions (Ca2+), inevitably increasing heart
contraction. The same enzymes are found in the cell membranes of photoreceptors, Müller cells and the RPE
[33-35]. This could be the connection between the digoxin mechanism and colour vision.

Patients under digoxin do usually complain of colour vision defects and degeneration. Be that as it may,
colour vision testing to be used as an indicator for digoxin toxicity has been overlooked in the past [36].
Dyschromatopsia is not a usual sign in patients who have been under long-term digoxin treatment [30,37].
This is a result of the dyschromatopsia that is induced by the digoxin, usually being seen as an R-G defect
that is temporary, with possible recovery occurring after the drug has been withdrawn [18].

Chuman et al. conducted a study on two patients with digoxin toxicity [38]. Patient 1 described vision as
appearing whiter, while patient 2 described colours as appearing more faded. As well as the Ishihara and AO-
HRR, the FM-100 hue test was used, which is the golden standard for colour vision testing. This meant test
results would be accurate. As the first patient’s digoxin serum levels decreased, the colour vision errors made
decreased on the FM-100 hue. This was also true for the second patient being monitored as well. They also
observed that both B-Y and R-G colour defects were observed and that withdrawal of the drug led to major
improvements in colour vision. However, this study was conducted over 20 years ago, and there have been
updates in the way these types of patients would have been treated, particularly with them both having
cataract. Additionally, the sample size would have been very inaccurate to extrapolate against a larger
population size.

A survey was completed, testing 30 patients who all received digoxin, which was compared with a control
group in terms of colour vision tests [39]. The two types of CVD that were assessed were the red-green defect
and the tritanopia defect using Ishihara, HRR R-G, and tritan plates: city Tritan and Lanthony Tritan Album.
They demonstrate that there is not a significant difference between the control group and the digoxin group
in terms of slight CVDs, whereas there was a major difference in severe tritan defects. The tritan errors were
common in the controls,, but they were only slight or occasionally moderate (in the Lanthony Album test).
More severe CVDs were noticeable with the patients under digoxin and more likely tritan. The results did not
demonstrate digoxin toxicity as an indicator of CVD because 27 of the patients were still within the
therapeutic window that acquired dyschromatopsia.

All studies confirmed that there is a significant acquired dyschromatopsia associated with digoxin toxicity.
Even though therapeutic levels of digoxin did show some CVDs, they were not as significant. A patient
reported “90% improvement” in visual symptoms after discontinuation of digoxin [28], so this confirms the
fact that, once the drug is out of the system and not being used anymore, dyschromatopsia will also leave.
However, the lack of recent papers and small sample size means that more needs to be looked into for
digoxin toxicity and its connection to dyschromatopsia.
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Ethambutol (EMB) 
EMB is known to be the most universally used treatment for TB, as well as non-tubercular mycobacterial
diseases. This is mostly due to it being the least toxic antituberculosis agent with the lowest incidence of
ocular toxicity [40,41]. For a long time, there has been a connection between the use of EMB for TB
treatment and the possibility of acquired dyschromatopsia. Garg et al. conducted an evaluation in India,
showing that 12.3% of those receiving anti-tubercular medications gained CVDs in their eyes [42]. Most
studies have shown that there is a predominant effect in ascertaining B-Y defect, which is subtle and can
only be detected with the desaturated panel of Lanthony [43], whereas some other studies have pointed out
that there is a predominant R-G dyschromatopsia seen in patients [44]. Even colour vision tests such as
Ishihara plates and D-15 can elicit the CVD [42].

The EMB ocular neurotoxic effect mechanism is not exactly understood. There have been various
hypotheses for EMB’s toxicity connected to its zinc-chelating effect [45-47] and its effect on the
excitotoxicity pathway [48]. EMB is a metal chelator [49], and its actions include inhibiting
arabinosyltransferase (in mycobacterial cell-wall synthesis) and disrupting oxidative phosphorylation and
mitochondrial function, which leads to cellular apoptosis and tissue injury [45]. Two studies also showed
that there is a possibility that EMB actually affects the amacrine and bipolar cells as colour vision is affected,
but visual acuity is not [50,51]. There have been some animal studies that show this, where the retinal
ganglion cells (RGCs) were damaged in monkeys with EMB-induced optic neuropathy [52].

Kaimbo et al. completed a two-year and eight-month study assessing colour vision with TB patients in
Congo who had no previous CVDs (tested using Ishihara plates) [53]. This was good as they excluded any
CCVD patients and the results were only due to drug-induced acquired dyschromatopsia. The results
confirmed the current outlook that colour vision could be used to monitor the progression of EMB
complications. This is agreed with by Polak et al. [44] who stated that dyschromatopsia is potentially the
most sensitive detector of early EMB optic neuropathy/neuritis. This side effect is of most concern to
ophthalmologists [49,53]. Only after five months of EMB treatment were the colour vision disturbances
(linked to ocular toxicity) detected. Overall, a majority of patients were asymptomatic; however, results show
one patient failing AO-HRR, three patients with tritanopia (B-Y defect) on the D-15 test, and 15 patients
with high total error scores on FM-100 hue test. There were three patients during the follow-up period that
gained complete colour blindness. Treatment was stopped, and of the three, two regained colour vision, but
the third patient showed no improvement in colour vision nor visual acuity.

Another study was completed on 64 newly diagnosed TB Filipino patients (no colour vision abnormalities)
treated with directly observed treatment short (DOTS) course [54]. DOTS is a form of TB treatment that is
known for being cost-effective and quickly makes infectious disease non-infectious [55]. After the first
month of treatment, colour vision was measured: Ishihara results showed all patients as normal, one patient
failed D-15, and 30 failed Lanthony desaturated (10 with tritan and 20 unclassified). Any CVDs that were
noted did revert back to normal after an average of 37.85 days, showing the non-permanent nature of the
dyschromatopsia with EMB toxicity. Despite normal visual acuities throughout the testing period, some
patients complained of colour vision disturbances. This also agrees with the arguments presented,
suggesting that monitoring CVDs with patients receiving EMB could be a good way to detect early EMB toxic
optic neuropathy.

In the study conducted by Kaimbo et al., the wide variety of colour vision tests allowed for appropriate
analysis to be made, which included Ishihara plates, AO-HRR, FM-100 hue, and D-15 [53]. They all vary in
specificity and selectivity that proved effective for comparisons to be made. There were several limitations to
this study that could have affected the reliability of the results. One fault was that there was no mention of
the length of time it took for the patients to regain colour vision. The second issue is the wide age range; this
is a significant factor in the progression of a CVD, namely, if the older patients have cataracts. The study did
not say when the colour vision was regained and the test was only conducted on one of the subject’s eyes.
However, acquired CVDs may be present in one eye only, so this study may have missed this. Similar with
Cruz et al.'s study, the subject age was not a controlled factor, and it was determined that age was the only
significant risk factor for dyschromatopsia with the EMB treatment [54].

In summary, both studies conclude that EMB causes acquired dyschromatopsia, and once the therapy is
removed, all the patients recovered to normal colour vision. Regardless of the concentration of EMB, the
effect remained the same. Both studies included a wide age range,, and this could have also affected the
results, as acquired dyschromatopsia was significantly linked to patients' age. It is recommended to have
smaller age ranges per study, or within each study, the patients are separated by age to make adequate
comparisons. The form of dyschromatopsia linked to EMB ocular toxicity was tritanopia. Results also show
that the Ishihara test was an inappropriate colour vision testing tool to use.

Phosphodiesterase-5 inhibitors (PDE-5 inhibitors)
The most well-known PDE-5 inhibitor is sildenafil (Viagra®), but there is also vardenafil (Levitra) and
tadalafil (Cialis). PDE-5 inhibitors are mainly used for erectile dysfunction and are frequently prescribed to
older men [56]; they increase smooth muscle blood flow [57]. Tait et al. [19] described the PDE-5 inhibitor as
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selectively inhibiting cyclic guanosine monophosphate (cGMP). PDE-6 (present in rod and cone
photoreceptors) is also inhibited with an efficacy of approximately 10% of PDE-5 [57], which has been shown
to play a significant role in the colour vision defect mechanism. PDE-6 is part of the phototransduction
cascade reducing cGMP that leads to hyperpolarisation of the cell. PDE-5 inhibitors break this process, and
this is what leads to short-term changes in the rod/cone function.

It has been reported that PDE-5 inhibitors can cause “bluish vision” as users have trouble discriminating
purple, blue, and green [56]. There has been a lot of controversy in terms of whether the literature agrees
about PDE-5 inhibitors’ contribution to CVDs. For example, one study [58] concluded that PDE-5 inhibitors
do not show a significant change in colour vision comparable to the general population. Another study
concluded that none of the five volunteers complained of visual disturbances, and there was no significant
effect on colour vision [59]. Tait et al. [19] described the colour vision defects as transient and no
consistency, indicating that there was no effect on the ocular structures, including the retina, leading to no
long-term effect on colour vision. Meanwhile, in another study, it conveys the opposite; that is, there were
significant alterations in colour vision [60].

Luu et al. [61] studies 18 healthy normal trichromatic individuals (male and female), 14 were given sildenafil
and the rest water. They were tested before and after with a desaturated D-15 test. Only one of the patients
reported blue-tinted vision, and another one reported red and blue speckled vision. There was a statistically
significant difference in total errors made by both eyes in 10 of the 14 sildenafil patients. This was mostly
between similar colours; however, three patients did show R-G confusion. One concern observed was the
possibility of the results being affected by tiredness or distraction, as the desaturated D-15 test requires
concentration. The test was repeated one hour before and after the drug was given to the patients, which
could have increased this impact on results. One contraindication of this is the fact that the desaturated D-
15 sets a higher level of difficulty. This improves the accuracy, meaning anyone who was proven to have a
CVD but passed the test would show a milder deficiency.

Stockman et al. [57] also conducted a study using a conventional Maxwellian-view optical system with a 2-
mm entrance pupil illuminated by a 900-W Xenon arc, instead of normal colour vision tests. The subjects
had previous knowledge of the blue tinge induced after Viagra® ingestion [62], so measurements were made
to isolate the S-cone response. All the subjects had statistically significant sensitivity loss when this was
carried out (mild-to-moderate). The main limitation in this study was the fact that the participants were the
experts. Even though the testing removed the aspect of them being aware of the blue tinge, it should have
been regular patients or non-experts so that it could be a more representative study. They also did not state
which test was done to determine their normal colour vision at the beginning; thus, the reliability of the
participants having no prior CVD was not evident. One other disadvantage of the study was that one of the
patients was aware when under the placebo and when under the actual drug; however, this showed that
there were definitely visible colour changes between those categories.

Roessler et al. [63] conducted a study looking into the connection between vardenafil and ocular side
effects/retinal function. They doubled the expected dosage value to 40 mg, and only one eye was tested. FM-
100 hue was used one, six, and 24 hours after the drug administration as only the short-term effects were
analyzed. Vardenafil did cause a temporary but significant increase in the total error score between one hour
and six hours and error lines up to one hour. This is in agreement with the statement that the effect of PDE-
5 inhibitors on colour vision is transient, as the FM D100 total error did not change after 24 hours. However,
immediately after one hour and six hours, there was a significant change. All these studies proved that there
was a significant connection between PDE-5 inhibitors and induced dyschromatopsia. The findings were
consistent with the multiple studies showing induced dyschromatopsia with the use of PDE-5 inhibitors. The
study done by Roessler et al. [63] should have considered the long-and short-term effects of the drug.
Additionally, the study doubled the highest prescriptible future dose, which is reflective of the future use of
the drug. However, it did show the potentiality of drug overdose and drug toxicity visual effects. It should
have been monitored in both eyes rather than one, which was not done in this study. Acquired
dyschromatopsia could have occurred in either eye; although it would have made the test longer, it would
have improved the accuracy if both eyes had been observed.

Overall, there were several limitations with the studies completed for the PDE-5 inhibitors. In some of the
studies, a higher dosage than normal was being taken, and an ocular toxicity reaction was was expected. The
majority of patients were not monitored for a longer period, so the long-term effect was not monitored. As
only the short term was looked at, the recovery may have been worse. Finally, the studies did not have a
large enough population size to remove factors such as age or gender to ensure that the results were solely
down to the drug usage, therefore affecting generalisability. It is difficult to compare the studies as different
methods and periods of time were used to assess the CVDs acquired by the patients. Nonetheless, all the
studies agreed on the fact that PDE-5 inhibitors will lead to a transient and reversible CVD, whether
significant or not. The concentration of the drug did make a difference, as the higher the
concentration/dosage of a PDE-5 inhibitor, the greater the likelihood of the development of a color vision
defect. The most common form of acquired dyschromatopsia seen in the patients was a blue-yellow
(tritanopia) defect.
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Conclusions
Overall, there is a significant connection between the use of all the drugs mentioned and acquired
dyschromatopsia. They all have varying degrees of effects; the studies mentioned have confirmed some
potential for dyschromatopsia to occur. For future drug development to avoid the potentiality of
dyschromatopsia, it would be recommended for more investigations into varying drug dosages and
concentrations, as well as changing drug structures. More needs to be done for the management of acquired
CVDs; none of the studies explored solutions other than drug withdrawal, which is not always possible.
There are also drugs such as CQ or HCQ where the colour vision does not always return. All of the drugs
mentioned are commonly used by the global population, so any improvements to side effects, such as colour
vision, would be symbolic. If acquired dyschromatopsia could be eliminated, many other associated ocular
toxicity symptoms would also be reduced or removed.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Mohammed Dauwood Aslam, Ahmed Ageed, Sumayya El Haouari

Acquisition, analysis, or interpretation of data:  Mohammed Dauwood Aslam, Ahmed Ageed, Sumayya
El Haouari

Drafting of the manuscript:  Mohammed Dauwood Aslam, Ahmed Ageed, Sumayya El Haouari

Critical review of the manuscript for important intellectual content:  Mohammed Dauwood Aslam,
Ahmed Ageed, Sumayya El Haouari

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Ahmed Ageed and Mohammed Dauwood Aslam contributed equally to the work and should be considered
co-first authors.

References
1. Hasrod N, Rubin A: Defects of colour vision: a review of congenital and acquired colour vision deficiencies .

Afr Vis Eye Health. 2016, 75:1-6. 10.4102/aveh.v75i1.365
2. Kanski JJ, Bowling B: Clinical Ophthalmology: A Systematic Approach, 7th Edition. Elsevier Health Sciences,

Amsterdam, Netherlands; 2011.
3. Simunovic MP: Acquired color vision deficiency . Surv Ophthalmol. 2016, 61:132-55.

10.1016/j.survophthal.2015.11.004
4. Boehm AE, MacLeod DI, Bosten JM: Compensation for red-green contrast loss in anomalous trichromats . J

Vis. 2014, 14:19. 10.1167/14.13.19
5. De Valois RL, De Valois KK: A multi-stage color model . Vision Res. 1993, 33:1053-65. 10.1016/0042-

6989(93)90240-w
6. Srinivasan S: Prevalence of congenital colour blindness in a tertiary eye care centre . J Evid Based Med

Healthc. 2019, 6:106-10.
7. Ponomarchuk A, Khramenko N: Color weakness in congenital color perception deficiency of various degrees .

J Ophthalmol. 2018, 4:39-43. 10.31288/oftalmolzh201843943
8. Delpero WT, O'Neill H, Casson E, Hovis J: Aviation-relevent epidemiology of color vision deficiency . Aviat

Space Environ Med. 2005, 76:127-33.
9. Alrasheed SH, Awad ME, Abdulbagi AA, Abdu M: Congenital and acquired colour vision deficiency among

population in North Kordofan state of Sudan. Sudanese J Ophthalmol. 2017, 9:22-7.
10.4103/sjopthal.sjopthal_5_17

10. Gupta A, Laxmi G, Nittala MG, Raman R: Structural and functional correlates in color vision deficiency . Eye
(Lond). 2011, 25:909-17. 10.1038/eye.2011.87

11. Obradovic IV, Cappelli R, Priluck JC, Chalam KV, Grover S: Comparison of color vision testing by standard
Ishihara color plates versus iPad version. Invest Ophthalmol Vis Sci. 2012, 53:6394.

12. Huna-Baron R, Glovinsky Y, Habot-Wilner Z: Comparison between Hardy-Rand-Rittler 4th edition and
Ishihara color plate tests for detection of dyschromatopsia in optic neuropathy. Graefes Arch Clin Exp

 

2024 Ageed et al. Cureus 16(12): e76190. DOI 10.7759/cureus.76190 6 of 8

https://dx.doi.org/10.4102/aveh.v75i1.365
https://dx.doi.org/10.4102/aveh.v75i1.365
https://books.google.com.ph/books/about/Clinical_Ophthalmology_A_Systematic_Appr.html?id=MQXjTT5HIMUC&redir_esc=y
https://dx.doi.org/10.1016/j.survophthal.2015.11.004
https://dx.doi.org/10.1016/j.survophthal.2015.11.004
https://dx.doi.org/10.1167/14.13.19
https://dx.doi.org/10.1167/14.13.19
https://dx.doi.org/10.1016/0042-6989(93)90240-w
https://dx.doi.org/10.1016/0042-6989(93)90240-w
https://www.jebmh.com/articles/prevalence-of-congenital-colour-blindness-in-a-tertiary-eye-care-centre.pdf.pdf
https://dx.doi.org/10.31288/oftalmolzh201843943
https://dx.doi.org/10.31288/oftalmolzh201843943
https://pubmed.ncbi.nlm.nih.gov/15742829/
https://dx.doi.org/10.4103/sjopthal.sjopthal_5_17
https://dx.doi.org/10.4103/sjopthal.sjopthal_5_17
https://dx.doi.org/10.1038/eye.2011.87
https://dx.doi.org/10.1038/eye.2011.87
https://iovs.arvojournals.org/article.aspx?articleid=2360092
https://dx.doi.org/10.1007/s00417-012-2073-x


Ophthalmol. 2013, 251:585-9. 10.1007/s00417-012-2073-x
13. Pacheco-Cutillas M, Edgar DF, Sahraie A: Acquired colour vision defects in glaucoma—their detection and

clinical significance. Br J Ophthalmol. 1999, 83:1396-402. 10.1136/bjo.83.12.1396
14. Farnsworth D: The Farnsworth-Munsell 100-hue and dichotomous tests for color vision . J Opt Soc Am. 1943,

33:568-78. 10.1364/JOSA.33.000568
15. Foote KG, Neitz M, Neitz J: Comparison of the Richmond HRR 4th edition and Farnsworth-Munsell 100 hue

test for quantitative assessment of tritan color deficiencies. J Opt Soc Am A Opt Image Sci Vis. 2014,
31:A186-8. 10.1364/JOSAA.31.00A186

16. Kitahara K, Kandatsu A, Nishimuta M: An analysis of the results of the Farnsworth-Munsell 100-hue test in
acquired blue-yellow defects. Colour Vision Deficiencies VIII. Verriest G (ed): Springer, Dordrecht,
Netherlands; 1987. 157-61. 10.1007/978-94-009-4275-2_23

17. Jordan G, Mollon JD: The Nagel anomaloscope and seasonal variation of colour vision . Nature. 1993,
363:546-9. 10.1038/363546a0

18. Cabral RT, Klumb EM, Couto MI, Carneiro S: Evaluation of toxic retinopathy caused by antimalarial
medications with spectral domain optical coherence tomography. Arq Bras Oftalmol. 2019, 82:12-7.

19. Tait DM, Carroll J: Color blindness: acquired. Encyclopedia of the Eye, 1st Edition. Dartt DA (ed): Academic
Press, Cambridge, MA; 2010. 312-317. 10.1016/B978-0-12-374203-2.00216-5

20. Jorge A, Ung C, Young LH, Melles RB, Choi HK: Hydroxychloroquine retinopathy — implications of research
advances for rheumatology care. Nat Rev Rheumatol. 2018, 14:693-703. 10.1038/s41584-018-0111-8

21. Anumolu SS, Singh Y, Gao D, Stein S, Sinko PJ: Design and evaluation of novel fast forming pilocarpine-
loaded ocular hydrogels for sustained pharmacological response. J Control Release. 2009, 137:152-9.
10.1016/j.jconrel.2009.03.016

22. Michaelides M, Stover NB, Francis PJ, Weleber RG: Retinal toxicity associated with hydroxychloroquine and
chloroquine: risk factors, screening, and progression despite cessation of therapy. Arch Ophthalmol. 2011,
129:30-9. 10.1001/archophthalmol.2010.321

23. Pasadhika S, Fishman GA: Effects of chronic exposure to hydroxychloroquine or chloroquine on inner
retinal structures. Eye (Lond). 2010, 24:340-6. 10.1038/eye.2009.65

24. Missner S, Kellner U: Comparison of different screening methods for chloroquine/hydroxychloroquine
retinopathy: multifocal electroretinography, color vision, perimetry, ophthalmoscopy, and fluorescein
angiography. Graefes Arch Clin Exp Ophthalmol. 2012, 250:319-25. 10.1007/s00417-011-1753-2

25. Vu BL, Easterbrook M, Hovis JK: Detection of color vision defects in chloroquine retinopathy .
Ophthalmology. 1999, 106:1799-804. 10.1016/S0161-6420(99)90338-X

26. Stokkermans TJ, Falkowitz DM, Trichonas G: Chloroquine and hydroxychloroquine toxicity . StatPearls.
StatPearls Publishing, Treasure Island, FL; 2024.

27. Renard D, Rubli E, Voide N, Borruat FX, Rothuizen LE: Spectrum of digoxin-induced ocular toxicity: a case
report and literature review. BMC Res Notes. 2015, 8:368. 10.1186/s13104-015-1367-6

28. Shi L, Sun LD, Odel JG: Colored floaters as a manifestation of digoxin toxicity . Am J Ophthalmol Case Rep.
2018, 10:233-5. 10.1016/j.ajoc.2018.02.024

29. Cheng JW, Rybak I: Use of digoxin for heart failure and atrial fibrillation in elderly patients . Am J Geriatr
Pharmacother. 2010, 8:419-27. 10.1016/j.amjopharm.2010.10.001

30. Rietbrock N, Alken RG: Color vision deficiencies: a common sign of intoxication in chronically digoxin-
treated patients. J Cardiovasc Pharmacol. 1980, 2:93-9.

31. Wolin MJ: Digoxin visual toxicity with therapeutic blood levels of digoxin . Am J Ophthalmol. 1998, 125:406-
7. 10.1016/s0002-9394(99)80161-5

32. Butler VP Jr, Odel JG, Rath E, et al.: Digitalis-induced visual disturbances with therapeutic serum digitalis
concentrations. Ann Intern Med. 1995, 123:676-80. 10.7326/0003-4819-123-9-199511010-00006

33. Oishi A, Miyamoto K, Kashii S, Yoshimura N: Photopsia as a manifestation of digitalis toxicity . Can J
Ophthalmol. 2006, 41:603-4. 10.1016/S0008-4182(06)80031-1

34. Oakley II B, Katz BJ, Xu Z, Zheng J: Spatial buffering of extracellular potassium by Müller (glial) cells in the
toad retina. Exp Eye Res. 1992, 55:539-50. 10.1016/s0014-4835(05)80166-6

35. Burke JM, McKay BS: In vitro aging of bovine and human retinal pigment epithelium: number and activity
of the Na/K ATPase pump. Exp Eye Res. 1993, 57:51-7. 10.1006/exer.1993.1098

36. Aronson JK, Ford AR: The use of colour vision measurement in the diagnosis of digoxin toxicity . Q J Med.
1980, 49:273-82.

37. Haustein KO, Oltmanns G, Rietbrock N, Alken RG: Differences in color vision impairment caused by digoxin,
digitoxin, or pengitoxin. J Cardiovasc Pharmacol. 1982, 4:536-41. 10.1097/00005344-198207000-00003

38. Chuman MA, LeSage J: Color vision deficiencies in two cases of digoxin toxicity . Am J Ophthalmol. 1985,
100:682-5. 10.1016/0002-9394(85)90624-5

39. Lawrenson JG, Kelly C, Lawrenson AL, Birch J: Acquired colour vision deficiency in patients receiving
digoxin maintenance therapy. Br J Ophthalmol. 2002, 86:1259-61. 10.1136/bjo.86.11.1259

40. Yee D, Valiquette C, Pelletier M, Parisien I, Rocher I, Menzies D: Incidence of serious side effects from first-
line antituberculosis drugs among patients treated for active tuberculosis. Am J Respir Crit Care Med. 2003,
167:1472-7. 10.1164/rccm.200206-626OC

41. Citron KM, Thomas GO: Ocular toxicity from ethambutol . Thorax. 1986, 41:737-9. 10.1136/thx.41.10.737
42. Garg P, Garg R, Prasad R, Mishra AK: A prospective study of ocular toxicity in patients receiving ethambutol

as a part of directly observed treatment strategy therapy. Lung India. 2015, 32:16-9. 10.4103/0970-
2113.148428

43. Chan R, Kwok A: Ocular toxicity of ethambutol . Hong Kong Med J. 2006, 12:56-60.
44. Polak BC, Leys M, van Lith GH: Blue-yellow colour vision changes as early symptoms of ethambutol

oculotoxicity. Ophthalmologica. 1985, 191:223-6. 10.1159/000309592
45. Wang MY, Sadun AA: Drug-related mitochondrial optic neuropathies . J Neuroophthalmol. 2013, 33:172-8.

10.1097/WNO.0b013e3182901969
46. Shindler KS, Zurakowski D, Dreyer EB: Caspase inhibitors block zinc-chelator induced death of retinal

ganglion cells. Neuroreport. 2000, 11:2299-302. 10.1097/00001756-200007140-00046

 

2024 Ageed et al. Cureus 16(12): e76190. DOI 10.7759/cureus.76190 7 of 8

https://dx.doi.org/10.1007/s00417-012-2073-x
https://dx.doi.org/10.1136/bjo.83.12.1396
https://dx.doi.org/10.1136/bjo.83.12.1396
https://dx.doi.org/10.1364/JOSA.33.000568
https://dx.doi.org/10.1364/JOSA.33.000568
https://dx.doi.org/10.1364/JOSAA.31.00A186
https://dx.doi.org/10.1364/JOSAA.31.00A186
https://dx.doi.org/10.1007/978-94-009-4275-2_23
https://dx.doi.org/10.1007/978-94-009-4275-2_23
https://dx.doi.org/10.1038/363546a0
https://dx.doi.org/10.1038/363546a0
https://pubmed.ncbi.nlm.nih.gov/30403262/
https://dx.doi.org/10.1016/B978-0-12-374203-2.00216-5
https://dx.doi.org/10.1016/B978-0-12-374203-2.00216-5
https://dx.doi.org/10.1038/s41584-018-0111-8
https://dx.doi.org/10.1038/s41584-018-0111-8
https://dx.doi.org/10.1016/j.jconrel.2009.03.016
https://dx.doi.org/10.1016/j.jconrel.2009.03.016
https://dx.doi.org/10.1001/archophthalmol.2010.321
https://dx.doi.org/10.1001/archophthalmol.2010.321
https://dx.doi.org/10.1038/eye.2009.65
https://dx.doi.org/10.1038/eye.2009.65
https://dx.doi.org/10.1007/s00417-011-1753-2
https://dx.doi.org/10.1007/s00417-011-1753-2
https://dx.doi.org/10.1016/S0161-6420(99)90338-X
https://dx.doi.org/10.1016/S0161-6420(99)90338-X
https://www.ncbi.nlm.nih.gov/books/NBK537086/
https://dx.doi.org/10.1186/s13104-015-1367-6
https://dx.doi.org/10.1186/s13104-015-1367-6
https://dx.doi.org/10.1016/j.ajoc.2018.02.024
https://dx.doi.org/10.1016/j.ajoc.2018.02.024
https://dx.doi.org/10.1016/j.amjopharm.2010.10.001
https://dx.doi.org/10.1016/j.amjopharm.2010.10.001
https://pubmed.ncbi.nlm.nih.gov/6154209/
https://dx.doi.org/10.1016/s0002-9394(99)80161-5
https://dx.doi.org/10.1016/s0002-9394(99)80161-5
https://dx.doi.org/10.7326/0003-4819-123-9-199511010-00006
https://dx.doi.org/10.7326/0003-4819-123-9-199511010-00006
https://dx.doi.org/10.1016/S0008-4182(06)80031-1
https://dx.doi.org/10.1016/S0008-4182(06)80031-1
https://dx.doi.org/10.1016/s0014-4835(05)80166-6
https://dx.doi.org/10.1016/s0014-4835(05)80166-6
https://dx.doi.org/10.1006/exer.1993.1098
https://dx.doi.org/10.1006/exer.1993.1098
https://pubmed.ncbi.nlm.nih.gov/6970370/
https://dx.doi.org/10.1097/00005344-198207000-00003
https://dx.doi.org/10.1097/00005344-198207000-00003
https://dx.doi.org/10.1016/0002-9394(85)90624-5
https://dx.doi.org/10.1016/0002-9394(85)90624-5
https://dx.doi.org/10.1136/bjo.86.11.1259
https://dx.doi.org/10.1136/bjo.86.11.1259
https://dx.doi.org/10.1164/rccm.200206-626OC
https://dx.doi.org/10.1164/rccm.200206-626OC
https://dx.doi.org/10.1136/thx.41.10.737
https://dx.doi.org/10.1136/thx.41.10.737
https://dx.doi.org/10.4103/0970-2113.148428
https://dx.doi.org/10.4103/0970-2113.148428
https://www.hkmj.org/abstracts/v12n1/56.htm
https://dx.doi.org/10.1159/000309592
https://dx.doi.org/10.1159/000309592
https://dx.doi.org/10.1097/WNO.0b013e3182901969
https://dx.doi.org/10.1097/WNO.0b013e3182901969
https://dx.doi.org/10.1097/00001756-200007140-00046
https://dx.doi.org/10.1097/00001756-200007140-00046


47. Yoon YH, Jung KH, Sadun AA, Shin HC, Koh JY: Ethambutol-induced vacuolar changes and neuronal loss in
rat retinal cell culture: mediation by endogenous zinc. Toxicol Appl Pharmacol. 2000, 162:107-14.
10.1006/taap.1999.8846

48. Heng JE, Vorwerk CK, Lessell E, Zurakowski D, Levin LA, Dreyer EB: Ethambutol is toxic to retinal ganglion
cells via an excitotoxic pathway. Invest Ophthalmol Vis Sci. 1999, 40:190-6.

49. Koul PA: Ocular toxicity with ethambutol therapy: timely recaution . Lung India. 2015, 32:1-3.
10.4103/0970-2113.148395

50. Kakisu Y, Adachi-Usami E, Mizota A: Pattern electroretinogram and visual evoked cortical potential in
ethambutol optic neuropathy. Doc Ophthalmol. 1987, 67:327-34. 10.1007/BF00143950

51. van Dijk BW, Spekreijse H: Ethambutol changes the color coding of carp retinal ganglion cells reversibly .
Invest Ophthalmol Vis Sci. 1983, 24:128-33.

52. Kinoshita J, Iwata N, Maejima T, Kimotsuki T, Yasuda M: Retinal function and morphology in monkeys with
ethambutol-induced optic neuropathy. Invest Ophthalmol Vis Sci. 2012, 53:7052-62. 10.1167/iovs.12-10308

53. Kaimbo WK, Bifuko ZA, Longo MB, Dralands L, Missotten L: Color vision in 42 Congolese patients with
tuberculosis receiving ethambutol treatment. Bull Soc Belge Ophtalmol. 2002, 57-61.

54. Cruz EM, Puentespina FG, Alejo KP, Santos-Morabe ET, Nañagas ML: Color-vision abnormalities among
patients undergoing tuberculosis treatment. Philipp J Ophthalmol. 2010, 35:3-9.

55. McLaren ZM, Milliken AA, Meyer AJ, Sharp AR: Does directly observed therapy improve tuberculosis
treatment? More evidence is needed to guide tuberculosis policy. BMC Infect Dis. 2016, 16:537.
10.1186/s12879-016-1862-y

56. Rassi SZ, Saint-Amour D, Wittich W: Drug-induced deficits in color perception: implications for vision
rehabilitation professionals. J Vis Impair Blind. 2016, 110:448-53. 10.1177/0145482X1611000608

57. Stockman A, Sharpe LT, Tufail A, Kell PD, Ripamonti C, Jeffery G: The effect of sildenafil citrate (Viagra®)
on visual sensitivity. J Vis. 2007, 7:4. 10.1167/7.8.4

58. Azzouni F, Abu samra K: Are phosphodiesterase type 5 inhibitors associated with vision‐threatening adverse
events? A critical analysis and review of the literature. J Sex Med. 2011, 8:2894-903. 10.1111/j.1743-
6109.2011.02382.x

59. Vobig MV, Klotz T, Staak M, Bartz-Schmidt KU, Englemann U, Walter P: Retinal side-effects of sildenafil.
Lancet. 1999, 353:375. 10.1016/s0140-6736(98)05473-7

60. Santaella RM, Fraunfelder FW: Ocular adverse effects associated with systemic medications: recognition and
management. Drugs. 2007, 67:75-93. 10.2165/00003495-200767010-00006

61. Luu JK, Chappelow AV, McCulley TJ, Marmor MF: Acute effects of sildenafil on the electroretinogram and
multifocal electroretinogram. Am J Ophthalmol. 2001, 132:388-94. 10.1016/s0002-9394(01)01052-2

62. Laties AM, Zrenner E: Viagra® (sildenafil citrate) and ophthalmology . Prog Retin Eye Res. 2002, 21:485-506.
10.1016/S1350-9462(02)00013-7

63. Roessler G, Vobig M, Walter P, Mazinani BA: Ocular side effects of Levitra® (vardenafil) - results of a
double-blind crossover study in healthy male subjects. Drug Des Devel Ther. 2018, 13:37-43.
10.2147/DDDT.S186633

 

2024 Ageed et al. Cureus 16(12): e76190. DOI 10.7759/cureus.76190 8 of 8

https://dx.doi.org/10.1006/taap.1999.8846
https://dx.doi.org/10.1006/taap.1999.8846
https://iovs.arvojournals.org/article.aspx?articleid=2162086
https://dx.doi.org/10.4103/0970-2113.148395
https://dx.doi.org/10.4103/0970-2113.148395
https://dx.doi.org/10.1007/BF00143950
https://dx.doi.org/10.1007/BF00143950
https://iovs.arvojournals.org/article.aspx?articleid=2176682
https://dx.doi.org/10.1167/iovs.12-10308
https://dx.doi.org/10.1167/iovs.12-10308
https://pubmed.ncbi.nlm.nih.gov/12161991/
https://paojournal.com/wp-content/uploads/2019/02/03-09_color-vision_dots-2.pdf
https://dx.doi.org/10.1186/s12879-016-1862-y
https://dx.doi.org/10.1186/s12879-016-1862-y
https://dx.doi.org/10.1177/0145482X1611000608
https://dx.doi.org/10.1177/0145482X1611000608
https://dx.doi.org/10.1167/7.8.4
https://dx.doi.org/10.1167/7.8.4
https://dx.doi.org/10.1111/j.1743-6109.2011.02382.x
https://dx.doi.org/10.1111/j.1743-6109.2011.02382.x
https://dx.doi.org/10.1016/s0140-6736(98)05473-7
https://dx.doi.org/10.1016/s0140-6736(98)05473-7
https://dx.doi.org/10.2165/00003495-200767010-00006
https://dx.doi.org/10.2165/00003495-200767010-00006
https://dx.doi.org/10.1016/s0002-9394(01)01052-2
https://dx.doi.org/10.1016/s0002-9394(01)01052-2
https://dx.doi.org/10.1016/S1350-9462(02)00013-7
https://dx.doi.org/10.1016/S1350-9462(02)00013-7
https://dx.doi.org/10.2147/DDDT.S186633
https://dx.doi.org/10.2147/DDDT.S186633

	Acquired Dyschromatopsia and Its Link to Drug Toxicity
	Abstract
	Introduction And Background
	Review
	Standard colour vision tests
	Chloroquine and hydroxychloroquine (CQ and HCQ)
	Digoxin
	Ethambutol (EMB)
	Phosphodiesterase-5 inhibitors (PDE-5 inhibitors)

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


