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ABSTRACT

Introduction: gr blindness can be congenital or acquired due to certain diseases. One of the causes of acquired color
blindness is due to toxic optical neuropathy. Tobacco consumption, assumed to be one of the risk factors, has been proposed

P fo iated with toxic optical neuropathy. Active smokers are subjects who are susceptible to the toxic effects of tobacco.
1
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“Clinical Pathol ogy Department, Faculty

of Medicine, Universitas Diponegoro examine color vision. Statistical analysis was done using Shapiro-Wilk {gggormality distribution data, Mann Whitney and
Semarang, Indonesia; IndependentT-test comparing data between two groups, and Spearman correlation test.
SFaculty of Medicine, Universitas Result: There was a significant difference between the mean color blind error score in the smoker group (4.83 £ 6.27) and

the non-smoker group (0.24 + 0.65). Similarly, a significant difference was found between the blood cotinine level of the
smoker group (64.59 pg/ml) and the non-smoker group (0.44 pg/ml). There was a significant correlation between the color

Diponegor, Semarang, Indonesia;

“Corresponding author: blind error score and blood cotinine levels in the total sample.

RiskiPrinatning Conclusion: There was a correlation in the total sample between blood cotinine levels and a color-blind error score. The
Ophthalmology SR higher the blood cotinine level, the higher the color blind error score.

of Medicine, Universitas Diponegoro,

Semarang, Indo

riski.dikk.undip@gmail:com

Keywords: Cotinine; smoker; color blindness.
Cite This Artide: Prihatningtias, R., Maharani., Hendrianingtya 4., Amelia, R.A., Limijadi, EK.S. 2022. The correlation

Received: 2022-05-28 between cotinine levels in active smokers with color blindness. Bali Medical Journal 11(2): 953-956. DOI: 10.15562/bmj.
Accepted: 2022-07-06 v112.3512

Published: 2022-08-22

INTRODUCTION field defect, and color vision deficit.”® every day, which can cause health and

Color blindness or dyschromatopsia is
the decreased ability to see some colors
or perceive their differences. It takes place
when one or more of three types of color-
gnsitive cone cells or photoreceptors (red,
&en, and blue) do not perfectly gather or
send the proper color signals to the optic
nerve."* The prevalence of color blindness
in Indonesia is 7.4%." Color blindness can
be congenital or acquired due to certain
diseases. Inherited color blindness is
not progressive and cannot be treated.
Whereas acquired color blindness can be
temporary or permanent and develops
to become more severe if the disease or
poisoning continues."

One of the causes of acquired
color blindness is due to toxic optical
neuropathy. Toxic optic neuropathy is
a condition characterized by bilateral
symmetrical vision reduction without
pain, the presence of a scotoma or visual

This situation is usually associated with
exposure to toxic substances obtained at
work, consumption of food or substances
that contain toxic substances, or due to
the use of systemic drugs.” Toxic optical
neuropathy can be balanced between
men and women and can be found in all
ages and races.” Several risk factors have
been proposed to be associated with toxic
optical neuropathy that manifests with
impaired color vision or color blindness,
one of them being tobacco consumption.”
Yet, the evidence is still unclear.

Active smokers mostly do tobacco
consumption. Data from the Ministry of
Health showed the prevalence of smokers
in Indonesia at the age of 15 increased by
36.3% compared to the prevalence in 1995
at 27%. Indonesia has the third largest
number of smokers worldwide, after China
and India."” More than a thousand people
under 18 are active smokers worldwide

socio-economic problems. Young smokers
aged 20-30 are needed in important jobs
such as in the military, civil work, and
electronic industries that depend on good
color vision."!

Nicotine is one of tobacco substances,
which is the main ingredient in cigarettes.
Nicotine (C10HI14N2) is an alkaloid
organic compound consisting of carbon,
hydrogen, nitrogen, and a small portion
of oxygen and sulfur. This chemical
compound of alkaloids has a strong and
stimulant effect on the human body.
Nicotine has anaddictive and psychoactive
effect that causes effects of pleasure,
reduced anxiety, tolerance, and physical
attachment. After nicotine enters the body
(blood flow), these substances will go to
the brain and circulate throughout the
body." Nicotine is toxic to nerve tissue
and increases systolic and diastolic blood
pressure due to catecholamine hormone
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stimulation. Heart rate and contraction
of the heart muscle increase, the need
for oxygen increases, blood flow in
coronary vessels increases, and peripheral
vasoconstriction occurs. Nicotine also
increases LDL cholesterol and platelet
aggregation."” Platelets will clot and clog
narrow blood vessels, causing ischemia
in the human body’s tissues. The nicotine
concentration is around 5% per 100
grams of tobacco weight. Cotinine is a
nicotine metabolite whose concentration
is much higher than the concentration of
nicotine in the blood. Cotinine also has a
longer half-life than nicotine, so cotinine
concentrations are almost constant
throughout the day compared to nicotine
levels. Because of these pharmacokinetic
properties, cotinine concentrations are
often used as biomarkers of nicotine levels
in the body."*

The mechanism for the occurrence
of color blindness in smokers until now
has not been clearly explained. Some
hypotheses regarding these mechanisms
include decreasing antioxidants, increasing
free radicals and lipid peroxidation,
ischemia, hypoxia, and micro-infarcts
that cause macular degeneration." We
hypothesized that smoking is associated
with color blindness.

Several studies have shown an
association between smoking, impaired
color vision, and decreased contrast
sensitivity.""'* Recent research by Han et
al. showed a relationship between urine
cotinine levels and visual impairment,
which was seen in a decrease in visual
acuity.” So, it is important to see the
association between cotinine levels with
color vision ore a decrease in vision
occurs. The study aimed to analyze the
correlation between blood cotinine levels
in active smokers with color blindness.

ﬁTHODS

This was an observational analytic
study with a cross-sectional design at
Diponegoro National Hospital Semarang.
Blood cotinine lew ere examined in the
GAKI Laboratory of the Medical Faculty
of Diponegoro University Semarang using
Calbiotech reagents. The research time
starting from sample examination to the
presentation of research results was April
to October 2018.

Sampling was carried out from April
to June 2018 with consecutive sampling,
which obtained a total number of 68
respondents, consisting of 33 smokers
who had smoked for at least 1 year and 35
non-smokers who are active or passive. All
respondents were male. Inclusion criteria
consisted of ages 20-40 years, best visual
correction = 6/9, anterior and posterior
segments of the eye within normal limits,
and willingness to participate in the study.
People with congenital color blindness
or a family history of congenital color
blindness, people with glancoma and other
retinal disorders, people with diabetes
and hypertension, and those consuming
alcohol and  pregnan hould not
participate in this study. Sample size was
calculated using a formula for hypothesis
testing for the difference between two
independent means, which obtained a
minimum of 33 samples in each group.

Examination of color vision was
cond@@ted using Farnsworth Munsell 15
Hue. Subjects were instructed to place the
loose cap in the tray closest in color to
the last cap already in the tray. Scoring is
accomplished by reading the numbers on
the reverseside of the cap and recordingthe
sequence selected by the patient on a copy
of the score sheet. The score is obtained
by adding up the difference in numbers
whose sequence is not following normal
color vision. Both eyes are examined one
by one. Then the total score is obtained
from the average score of both eyes. One
examiner carries out this procedure.
Blood cotinine levels were examined in
the GAKI Laboratory of Medical Faculty
of Diponegoro University Semarang from
3 ccs of antecubital venous blood, then
centrifuged to obtain serum. Serum was
then examined using Calbiotech reagents
according to the ELISA (Enzyme-Linked
Immunoassay) protocol with units of ng/
ml

e research data are processed and
presented in the form of tables. The
normality test of data distribution using
Shapiro Wilk. The different tests used
Independent T-test if the data was normal
and Mann-Whitney if the data was not
normal. The results of the normality test
of the data obtained that color blindness
error score data was not normal, so the
Spearman correlation test was used.

EIB study was conducted after
obtaining ethical clearance from the
Health Research Ethics Commission of
the Faculty of Medicine, Diponegoro
University / Dr. Kariadi General Hospital
Semarang with number 341 / EC / FK-
RSDK / V[ 2018.

RESULTS

1

Sixty-eight subjects were enrolled in the
study, consisting of 33 (48.5%) smokers
and 35 (51.5%) no okers.  All
respondents were male. Table 1 shows
the baseline characteristics of all subjects.
According to the Shapiro-Wilk test, the gc
data were abnormally distributed, so the
Mann-Whitney test was used to analyze
the difference. The result sifwed a p-value
of 0.075, which meant there were no
significant differences in the age between
the smoker and non-smoker groups.

Meanwhile, color blindness error
scores were abnormally distributed,
while the blood cotinine levels data were
normal. It was found that the average color
blind error score for smokers (4.83 +
6.27) was significantly higher than for
non-smokers (0.24 + 0.65) (p<0.001). The
difference between blood cotinine levels of
smoker and non-smol@ groups was also
significantly different (p<0.001).

Spearman correlation analysis was
used to assess the correlation between
color blindness score and cotine level.
The result showed a significantly strong
correlation coefficient (r=0,93) between
blood cotinine level and color blindness
scores (Table 3). Figure 1 depicts the
correlation between the two variables, and
the angle of the bar indicates a positive
correlation. The higher the blood cotinine
level, the higher the color blindness error
score.

DISCUSSION
The mean color blindness error scorcs%

smokers were significantly higher than for
non-smokers in our study. This finding
is similar to Ard et al, who reported
that the median total error score of the
Farnsworth-Munsell 100 Hue Test or color
blindness test was significantly (p=0.004)
higher in the smoker group (65; range 12-
221) than the non-smoker group (50.50;
range 6-206)."' The study by Fernandes et
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Table 1. Baseline characteristics of subject (n=68).
Variable Me::::?nfifl-[::lax] @quency (n) Percentage (%)
Gender
- Male - 68 100
- female 0 0
Age (years)
- Smoker 23.61 £5.36/ 33 48.5
21.00 (20 - 39)
- Non-smoker 2154 +2.64/ 35 51.5
21.00 (20 - 33)
Duration of smoking (years) 7.21 £ 6.61/ 33 100
5(1-26)
Number of cigarettes/day 13.00 £ 4.66 / 33 100
12 (3 -24)
Table 2. Comparison of Color Blindness Error Score and Blood Cotinine Level al. used the Lanthony D-15 test for color
between Smoker and Non-smoker Group. blindness and analyzed it quantitatively
Group in the Color Confusion Index. The
Variable p-value result showed significantly higher color
Non-smoker Smoker confusion indexes in smokers compared
Color blindness error score 0.24 + 0.65 4.83 £627 <0.001° to non-smokers.
Blood cotinine level 0.44 +0.13 9 +43.02 <0.001" In this study, smokers’ mean blood

Note : 'significant at p <0,05 by mann whitney; **significant at p <0,05 by independent t-test.

Table 3. The correlation between color blindness error score and blood
cotinine level.
Variable Mean+ SD p r Explanation
Color blindness error score 2,47 +4.93 =0.0017 093 Significant,
Cotinine level 31.57 £43.90 positive,
moderate

Note: “significant at p <0,05 by correlation of spearman’s

150,00+ o

100 00—

0,004
Blm_ni. T T T T T T T
Cotinine 000 500 10.00 1500 2000 2500 000
Level Error Score

Figure 1. The correlation between blood cotinine levels and color blindness error
scores in the total sample is a Diffuse diagram.

cotinine levels were signi tly higher
than of non-smokers. significant
difference was also observed beflyeen the

groups. This finding is similar to a study by
Ghazi et al. where there was a significant
(p=0.015) difference between the smoker
group (3.57 + 2.77) and the non-smoker
group (2.06 + 1.63) in saliva cotinine

lcvg”
study by Han et owed that
urinary cotinine level was associated
with an increased risk of incident Visual
Impairment in men and women (p
<0.05), wh@® visual acuity impairment
was seen.” In our study, we investigated
the relationship een  smoking,
represented by blood cotinine level as an
objective marker with visual impairment,
and assessed as the error sc f the
color blindness test. This studyﬁwed a
significant (p<0.001) correlation between
the error score of color blindness and blood
cotinine levels. It is different from another
study by Fernandes et al. that there was no
correlation between Fagerstrom Test for
Nicotine Dependence (FTND) with Color
Confusion Index using the Lanthony D-15
test.' This is because FTND is a subjective
instrument to evaluate smoking status.
Previous research showed that color
blindness could occur in smokers who
consume more than 20 cigarettes daily.”
In previous studies, it was also mentioned
that color blindness can occur in smokers
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who have smoked east 20 cigarettes a
day for ten years." The average duration
of smoking in this study was 7.21 years,
and the average number of cigarettes
consumed per day was 13.

This study has several limitations,
namely the minimum number of samples;
this was because sampling was done in
the Faculty of Medicine and Diponegoro
National Hospital, and the average age was
relatively young so there were not many
chronic smokers who have been smoking
for more than 10 years and more than 20
cigarettes consumed every day. The second
limitation is the intellectual level of the
cases; all of the participants were chosen
from the university personnel with same
intellectual level that causes variations in
the duration and number of cigarettes that
are almost the same. 3

This study has 1mplications for
extending our understanding of the
detrimental effects of smoking, suggesting
that the visual system can be affected.
In addition, this data suggests research
into visual processing impairments (e.g.,
reduced contrast sensitivity or color
discrimination) in clinical populations.

Further study with a large population
sample and other study designs such as
case control or prospective cohort to find
out more accurately about the correlation
beffeen cotinine level and color blindness
in smokers and non-smokers.

CONCLUSION

There was a significant correlation in the
total sample between blood cotinine levels
and the score of color blindness, where the
higher the blood cotinine level, the higher
the score for color blindness. Prospective
studies should evaluate early vision
disorders using objective instruments
such as electrophysiologic examination.
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