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ABSTRACT
Objective

This study determined the incidence of and risk factors for color-vision
abnormalities among Filipino patients undergoing directly observed treatment
short-course (DOTS) for tuberculosis.

Methods
A prospective single-cohort study involving newly diagnosed patients with

category-1 tuberculosis, recruited from DOTS health centers in Manila, was
conducted. All patients were given a fixed-dose combination of rifampicin,
isoniazid, ethambutol, and pyrazinamide for 60 days, after which treatment
was continued with rifampicin and isoniazid for 4 more months. The
participants underwent complete eye evaluation including color-vision testing
and were followed up every month up to the conclusion of treatment.

Results
Out of 93 patients initially enrolled, 64 completed the prescribed follow-up

and constituted the study group. Baseline color vision was normal. After 1 month
of therapy, color vision tested with the Ishihara plates remained normal in all
patients, but one failed the Farnsworth Panel D 15 and was classified as tritan
while 30 (47.88%) failed the Lanthony Desaturated test. The type of  abnormality
was unclassified in 20 (66.67 %)patients and tritan in 10 (33.3%). Visual acuity
remained unchanged from baseline. Repeat testing after ethambutol and
pyrazinamide were stopped showed that color vision was normal using the
Ishihara plates and the Farnsworth test, while 5 failed the Lanthony test. Of
these, 3 were unclassified and 2 were tritan. In the 3rd to 6th months follow-up,
no color-vision abnormalities were noted in the 3 tests. The only risk factor
identified was age (p = 0.01) with older patients having a higher risk.

Conclusion
The incidence of color-vision abnormalities among patients undergoing

DOTS was 47.88% using the Lanthony Desaturated test after an average of
39.66 days on quadruple anti-TB therapy. Age was the only significant risk
factor observed. The color-vision abnormalities returned to normal within an
average of 37.85 days after discontinuing ethambutol and pyrazinamide.

Keywords: Ethambutol, Tuberculosis, Quadruple therapy, Ishihara, Color vision,
Farnsworth Panel, Lanthony Desaturated

PHILIPP J OPHTHALMOL  2010; 35(1): 3-9 © PHILIPPINE ACADEMY OF OPHTHALMOLOGY

Color-vision abnormalities
among patients undergoing

tuberculosis treatment

Emerson M. Cruz, MD
Frances G. Puentespina, MD
Karlo Paolo L. Alejo, MD
Evelyn T. Santos-Morabe, MD
Ma. Lourdes R. Nañagas, MD

Department of Ophthalmology
Jose R. Reyes Memorial Medical Center
Manila, Philippines

Correspondence to
Emerson M. Cruz, MD
202-A J. Robles Subdivision
Lawa, Obando, Bulacan, Philippines 3021
Telephone :  +63-2-2922176; +63-2-2935833
Cell phone :  +69-927-3016366
E-mail :  cruz_em@yahoo.com

The authors have no proprietary or financial interest in
any product used or cited in this study.

Presented at the annual meeting of the Philippine
Academy of Ophthalmology, November 2009, Manila,
Philippines.



  4      PHILIPP  J OPHTHALMOL   VOL 35  NO. 1    JANUARY  -  JUNE  2010  PHILIPPINE ACADEMY OF OPHTHALMOLOGY

TUBERCULOSIS remains a significant health problem
worldwide, particularly in developing countries such as
the Philippines, where in 2005, it ranked sixth among the
causes of mortality (31.2/100,000 population)1 and
morbidity (134.1/100,000).2  In the last World Health
Organization (WHO) survey in 2006, the Philippines
ranked second in TB prevalence in the Western Pacific
Region. Together with Cambodia, China, and Laos, the
Philippines accounted for 93% of TB mortality in the
region, placing the country among the 22 high-burden
countries in the world.3

In 1996, the WHO endorsed the directly observed
treatment short-course (DOTS) strategy to decrease the
TB burden. This six-month course of directly observed
treatment uses a combination of 4 drugs—pyrazinamide,
ethambutol, isoniazid, and rifampicin—for the first 2
months, after which pyrazinamide and ethambutol may
be discontinued if sputum microscopy is already negative.

As in all therapeutic interventions, side effects are
expected. Drug-induced optic neuropathy causing
blurring of vision is among the possible adverse effects of
anti-TB therapy. Both isoniazid and ethambutol have been
reported to cause optic neuropathy.4

While the blurring of vision associated with toxic optic
neuropathy is often reversible, there are reports of
irreversible vision loss. Inocencio and Castillo reported
that 26 out of 34 patients they studied had irreversible
optic atrophy, presumably from anti-TB therapy.5 A case
study by Su-Ann Lim of Singapore reported irreversible
loss of visual function among 3 cases of ethambutol-
associated optic neuropathy.6 The toxic effects were likely
to depend on the dose and duration of treatment.7

Some patients on antituberculosis drugs, particularly
ethambutol, have been reported to complain of color-
vision disturbance during treatment despite normal visual
acuity.8 This suggests that color-vision test might be useful
in the early detection of ethambutol toxic optic
neuropathy, even before visual acuity is affected. A study
on prevalence of color-vision abnormalities among high-
school students at the Cayetano (Manila North) Arellano
High School had an interesting incidental finding: 5
patients who showed tritan color-vision abnormality had
a history of anti-TB therapy.9 This finding prompted us to
undertake this study to determine the extent of drug-
induced color-vision abnormalities among patients being
treated for tuberculosis. The patients at the local DOTS
centers were considered an ideal target population
because the criteria for inclusion in the program required
adequate documentation of the infection and the DOTS
strategy made sure that the patients were taking the drugs
as prescribed.

A 1998 study in the Democratic Republic of Congo
revealed that 15 out of 42 patients (36%) showed color-

vision defects after 5 months of ethambutol treatment even
before visual acuity and visual fields were affected.8 Polak
documented color-vision changes in the presence of
normal visual acuity, visual fields, visual-evoked potentials,
and panel D-15 test.10 On the other hand, a recent
prospective study from India reported no color-vision
changes after testing with Ishihara plates and Oculus
Heidelberger Anomaloscope among patients under
DOTS.11 Their study showed that results of visual-evoked
response and visual-field examinations can help identify
cases likely to develop early toxicity.

Despite the heavy TB burden and the potential of
treatment to cause ocular problems, there remains a
paucity of local literature on this subject. This study was,
therefore, undertaken to determine the incidence of
color-vision abnormalities, their type, and the risk factors
for their development among patients on DOTS. Data
obtained from this study may prove useful in detecting
early toxicity from antituberculosis therapy so that
appropriate intervention could be instituted to minimize
irreversible visual loss.

METHODOLOGY
A prospective, single-cohort study was conducted

among newly diagnosed category-1 tuberculosis patients
enrolled in DOTS health centers in the City of Manila
from February to August 2009. A single-stage cluster
sampling through draw lots was adopted to select a
representative sample of the population. DOTS health
centers in districts I, II, III served as cluster sites. The study
protocol was approved by the Department of
Ophthalmology of Jose R. Reyes Memorial Medical Center
(JRMMC), Manila Health Department, and the Division
of Planning and Coordination of the city government of
Manila, and the study was conducted in accordance with
their recommendations. A total of 93 newly diagnosed
category one tuberculosis patients, as identified and
classified by the stern criteria set by the WHO-DOTS
program, were included.

The local DOTS health center provided the drugs for
free and made sure the patients took them as prescribed.
For the first 2 months, the patients were given a fixed-
dose combination of 4 drugs—pyrazinamide (400 mg),
ethambutol (275 mg), isoniazid (75 mg), and rifampicin
(150 mg). After 2 months, if repeat sputum examination
revealed negative results, the treatment was reduced to
isoniazid and rifampicin. For those with positive sputum-
test results, quadruple therapy was extended for another
month or until sputum exam turned negative. A DOTS
health center staff administered the medicine to ensure
100% compliance with the therapy.

Participants were examined at the outpatient
department of JRMMC. Informed consent was obtained
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after thorough explanation of the nature and possible
benefits of the study. The participants underwent an eye
evaluation consisting of detailed history, best-corrected
visual acuity (Snellen Chart converted to decimal system),
direct funduscopy examination, anterior-segment slitlamp
biomicroscopy, applanation tonometry, and color-vision
testing (Ishihara Pseudoisochromatic Plates, Farnsworth
Panel D-15, and Lanthony D-15 Desaturated).  The height
and weight of the patients were also obtained to compute
the body-mass index (BMI), and categorized using the
WHO classification as underweight (<18.5), normal (18.5
to 24.9), overweight (25 to 29.9), or obese (30 or greater).12

Excluded were patients who had category-2 tuberculosis
(multidrug resistant); had undergone previous anti-TB
therapy; had other ocular disease that may alter the
parameters being investigated; were taking oral
contraceptives, digoxin, and other medications implicated
in causing color-vision deficiency; and had color-vision
deficiency at baseline.

Baseline examination was done before the start of the
therapy and every month thereafter up to conclusion of
therapy. A single investigator assessed the color vision
using the full series of the Ishihara Color Vision Plates
(Ishihara), Farnsworth Panel D-15 (FD 15), and Lanthony
Desaturated D-15 (Lanthony). Subjects were tested
binocularly while wearing best correction.

Testing with the Ishihara was done in a room with
adequate daylight. The patient was positioned with the
color-vision plates held 75 centimeters away and tilted so
that the plane of the paper was perpendicular to the line
of vision. A normal reading of all plates was deemed
normal. If a subject read 9 or fewer plates correctly, color
vision was regarded as deficient.13

The FD15 and Lanthony tests were done using the
Color Vision Recorder software, version 4 (Optical Diag-
nostics, Netherlands), and a Dell Inspiron computer. The
screen color was calibrated based on the standards set by
the International Color Consortium (ICC).

In these color-arrangement tests, the subject was offered
a series of colors that needed to be sorted either in a
sequence or into groups. The patient’s task was to identify
the cap that most closely resembled the reference cap in
color and place it next to the reference cap. This process
was repeated until all removable caps were placed in color
order. For both FD15 and Lanthony tests, a horseshoe
diagram was drawn which was a graphical presentation of
the cap order. The type of color deficiency was determined
from the horseshoe diagram by evaluating in what
directions the crossings were made.14

The final diagnosis consisted of two parts—the pass/
fail diagnosis, which was automatically set by the software
based on the number of errors made by the patient, and
the type of color deficiency of the patient determined by

unresolved crossing. Both tests were conducted thrice to
verify the result. Patients requiring assistance with clicking
or dragging the mouse were helped while taking care not
to affect their responses.

Patients who incurred absences within the first 2
months of follow-up evaluation were dropped from the
study. Those who failed 2 tests out of the three within a
single visit were referred to their attending physician for
reevaluation of their medications and possible drug
withdrawal. The patients were then subjected to close
follow-up for any improvement or deterioration after drug
withdrawal. Patients who failed 1 out of the 3 tests were
kept in the study and monitored closely for visual
symptoms.

Sample-population calculation was performed to
ensure validity of the target number of subjects.  Assuming
a 5% difference between baseline and the study group, a
positive color-vision abnormality of ≥36% at baseline, a
power of 80%, and ± error of 5% using the formula of
Fleiss15 revealed a total sample size of 52 subjects. The
design was prospective, single-cohort study with the
patients serving as their own control. The demographic
and clinical data were collated and analyzed. Differences
between baseline and follow-up findings were noted. The
Student’s t-test and chi-square tests were used, with p value
equal to or less than 0.05 considered statistically
significant. Multivariate statistical analysis was done to
determine the association of clinical variables with
induced color-vision abnormalities.

RESULTS
From February to August 2009, 93 patients newly

diagnosed with category-1 tuberculosis were enrolled in
the study. Three subjects were excluded because of the
presence of red-green color deficiency at baseline exam,
1 because of retinal detachment, and 25 because of failure
to complete the follow-ups. Sixty-four patients completed
the prescribed number of follow-ups and constituted the
study group. There were 47 males and 17 females, aged
13 to 75 years (mean 38.67 ± 15.96). All patients were
given a fixed-dose combination of rifampicin, isoniazid,
ethambutol, and pyrazinamide for 60 days. Since all
patients converted to sputum negative smears after 2
months, therapy was shifted to rifampicin and isoniazid
only for the succeeding 4 months to complete the 6-month
therapy.

At baseline, visual acuity ranged from 20/20 (1.00) to
20/70 (0.30) with a mean of 0.88 ± 0.18 (Table 1).
Anterior-segment slitlamp and direct funduscopy findings
were all normal. Color-vision testing before the start of
therapy showed that all patients had normal color-vision
using the Ishihara, FD 15, and Lanthony tests. After 1
month (average 39.65 days) of quadruple therapy,
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evaluation of all the baseline parameters was repeated.
All subjects had normal color vision using the Ishihara
plates. However, one (1.56%) out of the 64 failed the FD15
and was classified as having blue-yellow deficiency (tritan).
Thirty (46.88%) failed the Lanthony test. Since baseline
tests of these patients were normal, the color-vision
deficiency detected by the Lanthony test was presumed
to be drug-induced. The type of color-vision deficiency
was unclassified in 20 subjects (66%) and tritan in 10
(33%).  There was no significant correlation between the
occurrence and type of color-vision deficiency with age,
gender, and BMI (Table 2).

After 2 months of quadruple treatment, ethambutol
and pyrazinamide were discontinued. On the third month
follow-up, which was an average of 72.63 days (range 69
to 76 days) from baseline, or more or less 12 days after
discontinuation of ethambutol, the patients underwent
the same ophthalmologic examination and color-vision
tests. All subjects had normal Ishihara and FD15 tests. The
lone patient who failed the FD15 while on quadruple
therapy had reverted to normal. Five subjects still failed
the  Lanthony test. The 25 other patients who failed the
test while on quadruple therapy had reverted to normal
within an average of 12 days (range, 8 to 16) after
discontinuing ethambutol and pyrazinamide. The type of
color-vision defect was unclassified in 3 (60%) and tritan
in 2 patients (40%).

There was a statistically significant difference in the
proportion of patients with abnormal findings between
the Ishihara, FD15, and Lanthony  tests after the second
month of treatment (p = 0.02).

On the fourth month follow-up, about 30 days after
discontinuing ethambutol, all the patients passed the
Ishihara, FD15, and Lanthony tests. From the fourth to
the sixth month follow-up, all had normal color vision in
all three tests.

There was no complaint of blurring of vision or any
other ocular disturbances at anytime during the study
period (Table 3). Assessment of visual acuity did not show
any significant change from baseline in any of the subjects.
Fundus examination, anterior-segment slitlamp findings,
and intraocular pressure were normal at all points during
the study.

To determine if actual drug dose
correlated with the incidence of drug-
induced color-vision change, the
mean dose in mg/kg/day was
computed per patient and correlated
with the occurrence of color-vision
deficiency. The mean dose of each
drug used is shown in Table 4. There
was no significant difference in mean

dosages between patients who passed and failed during
the second and third follow-ups. All drug dosages,
particularly of ethambutol and isoniazid, were within
acceptable daily allowances and did not have any
significant association with the development of color-vision
changes.

Our study population had a wide age range of 13 to 75
years. The mean age of the patients was 38.96 ± 15.96.
The mean age of the 30 subjects who developed color-
vision deficiency on the second month of follow-up was
43.87 ± 2.70.years. The mean age of the 34 subjects who
did not develop any color-vision abnormality was 34.09 ±
15.75 years. There was a statistically significant difference

Table 1. Demographic profile of the study population.

Characteristics

Age (years)
   Mean
   Range
Sex
   Male
   Female
Body-mass index
   Underweight
   Normal
   Overweight
Visual acuity
   Mean
   Range
      20/20 (1.00)
      20/25 (0.80)
      20/30 (0.67)
      20/50 (0.40)
      20/70 (0.30)

Results

38.67 ± 15.96
13 to 75

47 (73.44%)
17 (26.56%)

41 (64.06%)
19 (29.69%)

4 (6.25%)

0.88 ± 0.8
1.0 to 0.30

39 (60.94%)
15 (23.43%)

5 (7.81%)
4 (6.25%)
1 (1.57%)

p
 

At 1 month

0.63a

0.77b

0.15b

At 2 months

0.94a

0.70b

0.25b

a Computed using t-test
b Computed using Pearson’s chi square test

 
Variables

Age
Gender
Body-mass index

Table 2. Association of color-vision deficiency with age, gender, and
body-mass index.

Table 3. Mean difference in visual acuity, age, and body-mass index.

At 1 month
 

a Computed using t-test

At 2 months
 

Mean
Difference

   0.07 ± 0.18
–9.77  ± 3.83

 0.006 ± 0.85

95% CI

–0.02 to 0.16
–17.44 to –2.11

–1.69 to 1.70

Visual acuity
Age
Body-mass
   index

  0.14
  0.01

  0.99

Mean
Difference

      –0.05 ± 0.15
   –12.29  ± 7.33

     –2.36  ± 1.55

p*

0.59
0.10

0.13

Variable

95% CI

  –0.22 to 0.13
–26.94 to 2.36

  –5.45 to 0.74

p*
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dose is totally free from the possibility
of ocular toxicity.4

Color-vision abnormality has been
reported to be an early indicator of
toxicity.8 In our study, the patients
received an average dose of 17.99 ±
1.75 mg/kg/day of ethambutol for 2
months. After only 39.66 ± 1.62 days
of treatment, 46.88% already demons-
trated color-vision abnormalities using
the Lanthony Desaturated test. The
results of the Ishihara Pseudoiso-
chromatic test remained normal.

The Ishihara test is the most
commonly used screening tool for
color-vision abnormalities. In most
instances, it is the only test available.
It is handy, economical, and easy to
administer and interpret. However, it
is useful in detecting mainly
congenital and acquired red-green
deficiency and is of limited use in
acquired blue-yellow deficits. This is
supported by the results of our study
where none of the subjects failed the
Ishihara test and yet 48% failed the
Lanthony test. In studies in India16

and Congo,8 the Ishihara test did not
detect early color-vision abnormalities
either. In the Congo study, color-vision
defects were noted in 36 of 42 patients
with the Farnsworth Munsell 100 Hue
test (FM 100) after 5 months of
ethambutol treatment.8

In the color-arrangement tests,
Farnsworth Panel D-15 and Lanthony
Desaturated were used because these
have been shown to be sensitive
measures of color vision that can be
analyzed quantitatively. Though the
FM 100 hue test is the present gold
standard, the FD 15 and the Lanthony
tests have been reported to adequately
predict the severity of color deficit at
a fraction of time of the 100 hue test.17

Thus, they are more suitable for
routine screening and monitoring for
color-vision deficiency. The FD15 test
was derived from the FM100 hue test.
It was developed to categorize patients
into safe and unsafe color deficiency
in terms of occupations requiring
basic color perceptions. However, the

p1 (At 2 months)
 

Table 4. Mean differences in drug dosages.

Allowable daily dosage
 

Drug
 

Mean
 At 1 month

 
 8-12  mg/kg/day
   4-6  mg/kg/day
20-30 mg/kg/day
15-20 mg/kg/day

  9.80 ± 0.99
  4.91 ± 0.50
25.47 ± 4.89
17.99 ± 1.75

0.46
0.45
0.47
0.61

0.20
0.21

–
–

1 Computed using t-test

Rifampicin
Isoniazid
Pyrazinamide
Ethambutol

p1

 

At 2 months
 

in the age between those who
developed color-vision deficiency and
those who did not. It was observed
that subjects who passed the Lanthony
test were significantly younger than
those who failed. In the sequential
third to the sixth month of treatment,
no statistical difference was noted
between the 2 groups.

In terms of BMI, no significant
difference was noted between subjects
who passed and those who failed the
color-vision tests (Table 3). Although
there was an increased likelihood of
developing color disturbances among
overweight subjects, the difference was
not statistically significant (Table 5).

In terms of gender, the proportions
of males and females who failed and
those who passed the Lanthony test
on the second follow-up were not
significantly different (Table 6). The
relative-risk point estimate was 1.18

and was not statistically significant
(95% confidence interval, 0.68-2.05).
The estimated odds of having
abnormal findings were 1.39 times
higher among female subjects. Being
female maybe a risk factor but no
statistical significance was noted
(Table 5).

DISCUSSION
Since the Philippines is among the

22 countries with a heavy TB burden,3

local ophthalmologists will continue
to see cases of ocular toxicity secondary
to antituberculosis therapy. The
ocular toxicity is generally described
as dose- and duration-related.8 The
WHO has set the daily dose of
ethambutol at 15 to 20 mg/kg body
weight. At this dose, toxicity has been
reported to occur in less than 1% of
patients. However, the WHO also
recognized that no clinically effective

Table 5. Association of color vision changes using different categorizations.

Odds Ratio p
 

Sex
   Female
   Male
Body Mass Index
   Underweight
   Normal
   Overweight

1.26
1.39

0.95
0.96
1.11

0.02 - 71.64
0.46 - 4.23

0.32 - 2.85
0.02 - 50.24
0.12 - 9.60

95% Confidence Interval

    0.91
    0.58

    0.07
    0.96
    0.10

Table 6. Comparison of mean difference in gender distribution.

At 1 month
 

At 2 months
 

p*

0.56

p*

0.16

Gender

Female
Male
Total

Passed

8
26
34

Failed

9
21
30

Passed

17
42
59

Failed

0
5
5

* Computed using Pearson chi square test
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test is not sensitive in identifying individuals with subtle
color-discrimination losses. The Lanthony test has been
reported to be sensitive in detecting subtle acquired blue-
yellow changes. It is analogous to the FD15 but uses
Munsell colors of lower saturation and higher lightness. A
study reported the calculated sensitivity and specificity for
FD 15 at 64% and 100%, and for Lanthony  at 84% and
89% respectively.18 In our study, using the more specific
but less sensitive FD 15 test, only one out of 64 patients
tested positive for color-vision abnormalities after 1 month
of ethambutol therapy.

Throughout the course of the study, visual acuity was
unaffected in all subjects, indicating that acuity might be
affected relatively late in the course of treatment. Thus, if
monitoring is performed with visual acuity only, early
reversible cases of toxicity can easily be missed. The
literature suggested that the course of ethambutol-induced
ocular toxicity was unpredictable. There were many reports
of reversible toxicity on discontinuation of therapy, but
permanent visual impairment has been documented. A
local study by Inocencio and Castillo showed a very high
rate of permanent visual loss (79.4%).5  Thus, it is
important to have a screening tool sensitive enough to
detect early toxicity so that early intervention in the form
of drug withdrawal or a shift to another medication can
be instituted. That the color-vision abnormalities reverted
to normal in 83.33% of patients within an average of 12.63
days and in all patients within 37.85 days following
cessation of ethambutol therapy supported this course of
action.

The type of color-vision abnormality induced by
ethambutol has not been definitely established. Acquired
color-vision changes such as those induced by anti-TB
drugs can be classified into red-green and blue-yellow. Red-
green defects are similar to inherited color defects such
that color-vision test results for acquired and inherited
conditions are almost the same. Inherited blue-yellow
defects are rare and are usually perceived as acquired.

Verriest classified acquired color defects into types I and
II red-green and type III yellow-blue.19  Type-I acquired
red-green defects have progressive deterioration that
manifest early by chromatic confusion along the red-green
axis associated with deficits in visual acuity. Type II acquired
red-green defects consisted of a change in luminosity with
moderate to severe chromatic discrimination deficit along
the red-green axis, milder blue-yellow losses, and were
associated with optic-nerve involvement. Type III defects
associated with blue-yellow defects, may result from age-
related degeneration of the ocular media, choroid, retina,
and glaucoma.

Another method of classifying acquired color deficits
is the Kollner’s rule of thumb. Kollner suggested that red-
green defect may be due to damage to the optic nerve

and visual pathway of the brain while blue-yellow may be
secondary to damage in the integrity of the outer retinal
layer that includes the cones.19 The exact mechanism
remains unknown.

Polak reported that blue-yellow color-vision changes can
be an early finding in ethambutol toxicity.10 In the Congo
study, the color axis of the color-deficient patients were as
follows: anarchic axis (13.1 %), red-green and blue-yellow
combined axis (13.1 %), and blue-yellow axis (7.5 %).8 In
our study, 66% of the color-vision abnormalities were
unclassified based on the computer options. This indicated
the absence of a definite axis of confusion or unresolved
crossing. It was possible that more than one of the pure
crossings (protan, deutan, tritan) may be present in a
subject who failed the test. A third of cases were blue-yellow
deficient, while no red-green cases were identified. In
studies by Sjoerdsma and colleagues on goldfish, they
postulated that ethambutol shifted the threshold for
chromatic discrimination without changing the absolute
sensitivity of the cone system.20 Furthermore, it was
hypothesized that the most likely site of ethambutol toxicity
was the inner plexiform layer and the most likely affected
were the bipolar cells, amacrine cells,21  and horizontal
cells.22

Among the risk factors  identified for the development
of ocular toxicity, only advanced age was significant.
Degenerative processes within the nerve associated with
aging may make the nerve more vulnerable to toxic insults.
There was no correlation between the occurrence of color-
vision abnormalities and either sex or BMI.

Potential limitations of this study included losses to
follow-up, which may have disproportionate effects on the
results leading toward underestimation of association.
Nonetheless, its strength of a prospective cohort study
design and uniform scheduling of tests at a single site,
plus the adherence to meticulous protocol used in the
diagnosis of color-vision abnormalities among patients
under anti-TB therapy, led to significant results.

This study demonstrated several significant findings;
namely, 1) there was a relatively high proportion of patients
(46.88%) who developed color-vision abnormalities at
therapeutically recommended doses; and 2) the
abnormalities developed after a relatively short duration
of treatment (39.65 days). It is reasonable, therefore, to
presume that in cases of multidrug-resistant TB requiring
higher doses and longer duration of therapy, the incidence
of ocular toxicity could be even higher and likely to
approach clinical significance. Fortunately, our results also
showed that in all the patients, the color-vision
abnormalities resolved shortly after discontinuation of
ethambutol. This is in contrast to the relatively high
persistence of color blindness among patients studied by
Inocencio and Castillo.5 It may indicate that if the drug is
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