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Abstract
·AIM: To evaluate the effects of chronic smoking on
color vision in young subjects.

·METHODS: This study included 91 smokers and 88
non -smokers (a total of 179 volunteers) without any
ophthalmologic and systemical disorders. The subjects
were between 18-40 years of age with a best corrected
visual acuity (BCVA) of 20/20, normal anterior and
posterior segment examinations and normal intraocular
pressure. The color vision of the subjects were evaluated
with Farnsworth-Munsell 100 Hue test (FMHT). The total
error scores and axis calculation were performed for
each subject and the results correlated.

·RESULTS: Mean age and the standard deviation was
28依5y in the smokers group, and 26.7依5.5y in the control
group ( =0.101). Sex distribution was similar in the two
groups ( =0.365). There was no significant correlation
between age and FMHT total error scores ( =0.069).
Median of FMHT total error scores of smokers and non-
smokers were 65 and 50.50, respectively. FMHT total
error scores was found significantly higher in smokers
than non-smokers ( =0.004). There was no statisticaly
significant difference between smoker and non -smoker
groups with respect to axis ratio calculation ( =0.611).
There was no significant correlation with FMHT total
error scores with neither smoking duration nor number
of cigarettes smoked per day ( =0.405, =0.454
respectively).

· CONCLUSION: This study suggested that chronic
smoking affects the color vision of young smokers but
this may not be sector selective.
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INTRODUCTION

S moking has many adverse effects on the human health.
The association between smoking and visual system has

been searched, and it is well known that there are many
ophthalmologic diseases and conditions that have been
associated with smoking such as cataracts, age-related
macular degeneration, retinal ischemia, non-arteritic anterior
ischemic optic neuropathy [1-5]. Additionally, Graves
ophthalmopathy, conjunctival irritation, uveitis, refractive
errors, glaucoma, tobacco-alcohol amblyopia are also
associated with smoking[6-10]. There are a few studies pointing
impaired color vision for smokers[11,12]. Decreased color vision
with decreased visual acuity (VA) and scotomas were also
reported for smokers[13]. In our previous study we also found a
higher total number of errors in the smokers than
non-smokers[14].
Thousands of young individuals start smoking every day.
Each day about 1000 persons younger than 18 years of age
become new daily cigarette smokers which is an alarmingly
serious health and socioeconomic problem [15]. The young
smokers between the ages of 20 and 30 may be recruited in
very important jobs such as military or civil aviation,
electrical industry, or traffic signalling where many other
lives may depend on the color vision integrity of such young
smokers.
In this study we aimed to evaluate effects of smoking on
color vision in young smokers with Farnsworth-Munsell 100
Hue test (FMHT) and investigate its correlation with several
factors such as age, duration of smoking or sex.
SUBJECTS AND METHODS
Subjects This study was conducted in 179 volunteers who
were working as a staff or a student at Erciyes University
School of Medicine in 2012 and 2013. The study was
approved by the Institutional Review Board of the University.
The research protocol adhered to the tenets of the Declaration
of Helsinki for clinical research. Written informed consent
was obtained from all the participants after explanation of the
purpose and possible consequences of the study.
Methods The inclusion criteria were: those between the ages
of 18-40y without any systemical disease; with a best
corrected VA (BCVA) of 20/20; and with normal anterior
and posterior segment examination as well as normal
intraocular pressure. Exclusion criteria were: those with a
refractive error of more than 依2.00 diopters, a history of
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Figure 1 FHMT results of smoking and non smoking subjects A: FMHT of a smoker. Total number of errors of this subject was 52.
Sector 1+3=24 (blue-yellow partial number of errors) and sector 2+4=28 (red-green partial number of errors); B: FMHT of a non-smoker.
Total number of errors of this subject was 12. Sector 1+3=7 (blue-yellow partial number of errors), sector 2+4=5 (red-green partial number of
errors).

glaucoma, retinal pathology, previous ocular surgery and
partial or total dyschromatopsia. Those with diabetes
mellitus, arterial hypertension, chronic alcohol consumption
and chronic drug abuse, pregnancy and a family history of
dyschromatopsia were also excluded from the study. In the
smokers group, subjects were smoking for at least one year.
Number of cigarettes smoked each day and duration of
smoking were recorded for the smokers. All the subjects
were tested with FMHT. FMHT (Luneau, Paris, France),
consists of four sub-sectors with a total of 85 caps. One cap
subtends an angle of 1.4毅. The colors of the caps in the first
box are from red to yellowish green, in the second box from
yellowish green to turquoise green, in the third box from
turquoise green to bluish purple and in the fourth box from
bluish purple to red. Subjects were asked to arrange the
colors in an order from dark to light in each box .
Binocular FMHT was performed for all subjects in the same
environment under the same illumination conditions. Subjects
with refraction error performed the test with their glasses on.
Total number of errors of all subjects were recorded. Figure 1A
shows an example of FMHT of a smoker and Figure 1B
shows an example of a non-smoker subject. FMHT results
were also evaluated in a quadrant basis. This analysis
allowed red-green and blue-yellow partition of total scores.
Red-green partial number of errors were obtained from the
addition of sector 2 (caps 13-33) and sector 4 (caps 55-75)
and blue-yellow partial number of errors were obtained from
the addition of sector 1 (caps 76-12) and sector 3 (caps
34-54). Axis determination was performed according to the
report of Smith [16] subtracting the square root of
red-green partial score (sector 2+4) from the square root of
blue-yellow partial score (sector 1+3). Positive values
indicate relatively greater number of blue-yellow errors or a
blue-yellow axis whereas negative values indicate greater
number of red-green errors or red-green axis.
Statistical Analysis In this study, statistical analysis was
performed with non-parametric tests; Mann-Whitney test,
Spearman's correlation tests. Chi-square test was also used.

All the calculations were made by the statistical package for
the social sciences (SPSS ® ) version 15.0, on a Windows ®

based PC; <0.05 was accepted as statistically significant.
RESULTS
Mean age (依SD) was 28依5y in the smokers group, and 26.7依
5.5y in the control group ( =0.101). There were 34 females,
57 males in the smokers group whereas 39 females, 49 males
in the control group ( =0.365). There was no statistically
significant correlation between age and FMHT total number
of errors for the entire population of 179 participants ( =
0.069). Median total error score was significantly higher in
the smoker group (65; range 12-221) than the control group
(50.50; range 6-206; =0.004). Higher ratio of blue-yellow
axis errors were observed for both groups (75.6% for
smokers, 71.6% for controls). The difference between the
smoker and non-smoker groups was not statistically
significant for any of the axes calculated ( =0.611). There
was not a statistically significant difference between female
and male participants of smokers regarding with median total
error scores and also axis calculation.
In the smokers group mean smoking duration was 8.3依4.9y
in women and 9.2 依5.5y in men. The difference was not
statistically significant ( =0.553). Mean number of cigarettes
was 12依6 per day in women and 17依8 in men. The difference
was statistically significant ( =0.003). There was no
significant correlation with FMHT total error scores with
neither smoking duration nor number of cigarettes smoked
per day in the whole smokers group ( =0.405, =0.454
respectively).
There were 36 subjects smoking 0-10 cigarettes, 11 subjects
smoking 11-19 cigarettes and 44 subjects smoking 20 or
more cigarettes per day. There was not a significant
correlation between both the total number of errors in the
FHMT and axis calculation and the number of cigarettes
smoked per day in all subgroups ( =0.284, =0.739,
respectively). There were 52 subjects smoking 10y and less
and 39 subjects smoking more than 10y. There was no
significant correlation between both the total number of
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errors in the FHMT and axis calculation and smoking
duration in all subgroups ( =0.261, =0.460, respectively).
All statistical parameters related with subgroups according to
both smoking duration and number of cigarettes smoked per
day were shown at Tables 1 and 2.
DISCUSSION
Adverse effects of smoking on the retina have been shown in
many studies, causing color vision disturbances, visual field
defects and even blindness. Exact mechanism is still
unknown but several hypotheses have been suggested [17-19].
Reduced antioxidants, increased free radicals and lipid
peroxidation were suggested as the etiopathogenetic
mechanism [20,21]. Another suggested mechanism is reduced
choroidal blood supply, ischemia, hypoxia and micro-infarcts
leading to macular degeneration [22]. Furthermore, smoking
can cause a reduction in the carotenoids, lutein and
zeaxhantin which are antioxidants[23]. Those mechanisms may
affect cone receptor cells which have a high density in the
fovea thus can lead to color vision disturbances.
The risk of becoming a smoker among young adults who
have never smoked is high; 14% will become smokers
between the ages of 18 and 24y[24]. This is a serious health and
socioeconomic problem. The young smokers between the
ages of 20 and 30y may be recruited in very important jobs
such as military or civil aviation, electrical industry, or traffic
signalling where many other lives may depend on the color
vision integrity of such young smokers.
Smoking affects ocular vascular system by reducing retinal
blood flow and can cause irregularites in the small retinal
vessels [25]. There are limited number of publications in the
scientific literature about the effects of smoking on color
vision. Erb [11] compared color vision with Roth-28 Hue
test of 20 subjects smoking less than 20 cigarettes per day
with non-smokers. Although they did not find any difference
between these groups, there was a significantly higher total
error scores in the 32 subjects smoking more than 20
cigarettes than non-smokers. The authors suggested that this
was related to accumulation of toxic substances in the retinal
pigment epithelium. In our study we found that there was no
correlation between the total number of errors and the

number of cigarettes smoked per day or between the duration
of smoking.
Voke and Fletcher [26] showed that carbon monoxide and
cigarette smoking can be the cause of red-green
dyschromatopsia. On the other hand, some authors suggested
that toxic neuropathy related to smoking affects especially
red-green color vision[27].
In our study, we found that although there was a significant
difference between total number of errors of smokers and
non-smokers, we did not find any significant difference
between the groups with respect to red-green and blue-yellow
sectors. We suggest that a diffuse pathology rather than a
sector selective pathology may be involved in chronic
smokers.
Although there are limited number of studies associated with
this topic in the literature, the results of our study must be
evaluated within the context of its limitations. The main
limitation of the study is that the groups have a relatively
small sample size. In addition, this is the first study in the
literature evaluating partial (sectorial) scores (red-green or
blue-yellow). The age of the participants were also
considerably young; however, we aimed at avoiding the
influence of age related additional retinal pathologies which
could affect the results. The other limitation is the intellectual
level of cases; all of the participants were choosen from the
university personnel with higher intellectual level.
In conclusion, our study shows that smoking has an adverse
effect on the color vision of smokers evidenced by increased
total number of errors found in the FMHT, however this may
not be necessarily sector selective in young subjects. Further
studies which would include subjects who gave up smoking
after various durations of smoking may also be necessary to
clarify the effects of chronic smoking in young subjects.
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