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ABSTRACT

The purpose of this study was to establish whether physical
fatigue affects color vision. Thirty healthy participants were
included in the study (M:F=15:15), age 25.3 £4.4y, all profes-
sional or top amateur athletes. They were exhausted using the
Wingate test (WT). Physical fatigue was determined by blood
lactate level before the WT and 1, 3, 5, 7 and 10 min after. Color
vision was evaluated using the Hardy-Rand-Rittler (HRR) and
the Mollon-Reffin Minimalist (MRM) tests before the WT and 5,
10 and 30 min after. Five minutes after the WT 2/30 (6 %)
showed affected color vision in the protan axis and 25/30 (83 %)
in the tritan axis. Ten and 30 min after the WT all the partici-
pants showed normal color vision in both the deutan and pro-
tan axes, whereas 12/30 (40 %) and 8/30 (26 %), respectively,
showed affected color vision in the tritan axis. A gender differ-
ence was observed in color vision deficiency and improvement,
with female participants being affected more and longer. The
study showed that intense physical effort affects color vision
with the tritan axis being predominantly affected.

Introduction

Physical fatigue is defined as a temporary physical inability to per-
form optimally [8]. There are many factors that influence fatigue
development, such as intensity and duration of physical effort, in-
dividual physical fitness, sleep deprivation, etc. [6]. Apart from the
motor system, physical fatigue also influences performance of
other systems in the body. Fatigue, as a consequence of intense
physical effort, can affect different aspects of visual performance
and other visual parameters, such as visuomotor skills [7], contrast
sensitivity [10], color vision [20] and intraocular pressure [15].

Physical fatigue can be elicited and its effects can be measured
with various tests (one of them can be pedaling or arm cranking at
maximal speed against a constant force as in the Wingate test) and
in different real-time situations (such as mountaineering, long-
distance cycling, etc.).

Color vision is one of the most important components of visual
function. In humans it s initiated by the absorption of light by three

types of cone photoreceptor in the retina, namely long (L), middle
(M) and short (S) wavelength cones [21]. Discrimination of color is
described along three color vision axes: protan (red), deutan
(green) and tritan (blue). Color vision deficiencies can be congeni-
tal or due to acquired conditions, such as altered retinal circulation
and neurodegenerative changes in well-known diseases such as
glaucoma [14] and diabetic retinopathy [12], where the tritan color
vision axis is predominantly affected. Changes in parvocellular vis-
ual pathway function, which is responsible for processing colored
visual information, during physical effort has mainly been described
in mountaineering and at high altitude and has been detected both
psychophysically [5, 11,20] and electrophysiologically with altered
S cone function [15].

Psychophysical and electrophysiological studies have demon-
strated that the S cone function is affected to a greater extent than
M and L cone functions and, therefore, the tritan color vision axis
is affected more often compared to protan and deutan color vision
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axes in altered metabolic body conditions due to the physical ef-
fort at high altitude. However, it has been shown that alterations
in color vision due to changed metabolic body conditions are tran-
sient and return to normal when the physical effort at high altitude
is stopped and subjects return to the initial altitude [20]. Therefore,
a transient blue-yellow color vision deficiency [5, 11, 20] or tran-
sient S cone dysfunction [15] is described in these studies.

Perfect color vision is also of majorimportance in various com-
petitive sports, such as cross-country skiing, where on-time visual
recognition of signposts and other visual stimuli can contribute to
a better final result. The effect of intense exercise on the eyes and
brain has not been well studied yet. Color vision testing is one of
the possibilities to test visual performance and visual pathway func-
tion.

To our knowledge, there has been no study investigating color
vision changes due to extreme fatigue after exercising to the level
of anaerobic body conditions. Therefore, the aim of this study was
to establish whether physical fatigue affects color vision. Our re-
search hypothesis was that color perception is altered after a high-
impact physical activity.

Methods

Thirty healthy participants in excellent physical shape with normal
color vision were included in the study, 15 men and 15 women,
aged 25.3 4.4 years, all professional or top amateur athletes, most
of them practicing in winter sports (such as cross-country skiing
and biathlon). The study was ethically approved and followed the
tenets of the Declaration of Helsinki and it meets the ethical stand-
ards of the journal [9].

All of the participants performed the Wingate test (WT). The
WT test was conducted on a calibrated friction-loaded cycle er-
gometer (Monark 894E Peak bike, MONARK, Varberg, Sweden) in-
terfaced with a microcomputer. The ergometer was equipped with
toe clips to prevent the subjects' feet from slipping. The test con-
sisted of a 30 s maximal sprint against a constant braking resistance
dependent on the subjects' body mass (0.075 kg.kg =" body mass)
according to the optimization tables of Bar-Or [2]. The test began
from arolling start, at maximal individual cadence against minimal
resistance. When the maximum pedal rate was achieved, a count-
down of “3-2-1-go!” was given before dropping the weight basket
with the load. Prior to the test, the participants were instructed to
pedal as fast as they could for 30s.

To assess the body metabolic status, blood lactate was meas-
ured (EBIO plus, Eppendorf, Germany) before the WT and 1, 3, 5,
7 and 10 min after it in all participants. Blood samples were taken
from the earlobe.

All the participants had normal color vision according to the
standard Ishihara clinical test and normal or corrected-to-normal
visual acuity with no recorded pathology or ocular abnormalities.

Color vision was evaluated using the Hardy-Rand-Rittler (HRR)
and Mollon-Reffin Minimalist (MRM) tests before the WT and 5, 10
and 30 min after the test. Both tests were performed under stand-
ardized lighting conditions (Daylight llluminator, Richmond Prod-
ucts, Albuquerque, NM, USA).

The Hardy-Rand-Ritter test (4th edition, Richmond Products)
is a widely used clinical test that consists of pseudoisochromatic
plates with which all three color vision axes can be evaluated [3].

The Mollon-Reffin Minimalist test [13] has shown its value be-
cause itis quick to administer and presents the easiest possible task
to the participant, who is requested simply to identify a colored
probe chip among five achromatic distractor chips of varying light-
ness. The probe chips vary in chroma, and their chromaticities lie
along dichromatic confusion lines (protan, deutan and tritan) that
pass through the chromaticity of the achromatic chips. As in the
first Ishihara plate, the first chip used is a saturated orange, which
does not lie on any confusion line, to demonstrate the task and
identify pretense or gross pathology. A simple staircase procedure
is then used to establish, for each confusion line, the number of the
chip that can be reliably distinguished from the distractors. Alto-
gether there are 15 chips, 5 from each confusion line (deutan, pro-
tan and tritan). The investigator marks down a number for the last
chip distinguished from distractors (1, normal; 2, minimally re-
duced; 3, moderately reduced; 4, markedly reduced; 5, extremely
reduced color vision in a particular axis: P-protan, D-deutan, T-tri-
tan). The test has proved its value in testing children [ 18] as well as
testing color vision in extreme environmental conditions such as
high altitude [20].

The percentage of participants with abnormal color vision in the
protan, deutan and tritan color vision axes was studied 5, 10 and
30min after the WT. Gender difference was also evaluated.

The results were statistically evaluated with one-way ANOVA
(lactate levels) and non-parametric Wilcoxon paired-sample
signed-rank test (color vision test). The significance values were
adjusted for multiple comparisons with Bonferroni's correction.
Statistical significance was set at p<0.05, whereas Spearman r2 was
used for correlation. Average values + SD, as well as 95 % Cl and Co-
hen’s d effect size were reported.

Results

The blood lactate levels before the WT and 1, 3, 5, 7 and 10 min
after are shown in » Fig. 1, both for the entire group (all) and sep-
arately for female and male participants. The average lactate level
for the entire group of participants before the WT was 1.3+0.3, it
increased after Tminto3.4+1.0(p<0.001,95%Cl 2.9-3.7,d=3.2),
and remained elevated after 3min 8.8+ 1.4 (p<0.001, 95 %Cl 8.2-
9.3,d=4.5), after 5min 9.7+ 1.4 (95%C19.1-10.2, d=0.64), after
7min9.9+1.4(95%C19.3-10.3,d=0.14) and after 10min 9.5+ 1.5
(95%C18.9-10.0, d=0.27) mmol/l (> Fig. 1).

Colorvision evaluated with both the HRR and the MRM tests be-
fore the WT showed normal color vision in all 3 axes in all 30 par-
ticipants.

Color vision evaluated with the HRR test 5 min after the WT
showed tritan axis defects in 5/30 (17 %) participants, 1 male and
4 females, whereas at 10 and 30 min post-WT all participants
showed normal color vision. All 5 participants showed a medium
level blue-yellow defect according to the HRR scoring system with
errors in plate number 17 and/or 18.

Color vision evaluated with the MRM test 5 min after the WT
showed protan axis defects in 2/30 (6 %, p>0.05) participants and
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> Fig. 1 The blood lactate level before the Wingate testand 1, 3, 5,
7 and 10 min after. Results for the entire group (ALL) and separately
for female and male participants shown in a chart.

tritan axis defects in 25/30 (83 %, p<0.001, d=3.3) participants;
however, all the participants showed normal color vision in the deu-
tan axis.

Ten and 30 min after the WT all the participants showed normal
color vision in deutan and protan axes, whereas color vision in the
tritan axis remained affected in 12/30 (40 %, p=0.001,d=1) 10 min
afterthe WT andin 8/30(26%, p=0.02,d=0.2) 30 min afterthe WT.

There was no significant correlation between the blood lactate
level and changes in the tritan axis discrimination for the entire
group of participants (r2=0.001, p=0.85).

Tritan color vision defects for the entire group of participants as
well as separately for female and male participants are shown in
» Fig. 2. Most of the participants showed transient changes in color
perception in the tritan axis, however the changes were more pro-
found and lasted longer in the female participants.

Discussion
The results of this study demonstrate that color vision can be af-
fected after short-duration high-impact physical activity that in-
duces body acidosis. Transient blue (tritan) color deficiency was
observed in more than 80 % of the participants 5 min after the prov-
ocational Wingate test was performed, whereas green (deutan)
and red (protan) color vision axes were only slightly affected.
Gender differences were also observed. The tritan axis was af-
fected to a greater extent in female compared to male participants.
Namely, 34 % of all female participants showed a moderately af-
fected tritan color vision axis five minutes after the WT, whereas
only 7% of the male participants showed a similar tritan color vi-
sion deficiency. The improvement rate was also different between
the genders. After 30 min the tritan color vision axis remained min-
imally affected in 33 % (5) of female and in 20 % (3) of male partic-
ipants. To our knowledge there has been no similar gender differ-
ence report on color vision after high-impact physical activity. How-
ever, it is known that body metabolism during sports activities
differs between genders, the difference being greater after short

ALL

10 min 60 40
30 min 74 26
FEMALE
10 min 54 46
30 min 67 33
MALE

5min 20 73

10 min 66 34

30 min 80 20

T1-normal = T2-minimally reduced = T3-moderately reduced

» Fig. 2 Tritan color vision defects for the entire group (ALL) and
separately for female and male participants shown in percentages.
T1 - normal color vision in the tritan axis. T2 - minimally reduced
color vision in the tritan axis. T3 - moderately reduced color vision in
the tritan axis.

and high-volume physical activity and lesser after prolonged stren-
uous activity such as running a marathon [16]. In this study, the
blood lactate level differed between genders at 5, 7 and 10 min
post-WT, with female participants showing lower values at all
measurements, which was also previously described [16].

Physical fatigue in this study was provoked by using a short-du-
ration, high-intensity Wingate test. However, the results of color
vision deficiency might be different if prolonged strenuous physi-
cal activity were utilized. In the study of color vision at high altitude
with prolonged strenuous mountaineering activity, the tritan color
vision axis was also predominantly affected and color vision nor-
malized in all participants after returning to sea level [20]. Howev-
er, there were no female participants included in the high-altitude
study to compare the gender differences.
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Allthe participants in the present study were young profession-
al or top amateur athletes, who were highly motivated and used to
extremely strenuous physical exercise. It would also be interesting
to study the general population to find out whether color vision
changes can be observed after higher impact physical activity. The
age of the participants probably also played a role in this study.
Age-related changes of color vision in the tritan axis have been pre-
viously described, also using the MRM test [13]. The reduced color
discrimination ability in this study may also be influenced by other
reasons, such as attention disturbance due to extreme fatigue after
strenuous exercise. This influence would probably be the strong-
est at 5min rather than at 10 min after the WT.

The reason why the tritan color vision axis is affected to a great-
er extent compared to protan and deutan axes may lie in a greater
susceptibility of S cones to different metabolic conditions in the
retinal circulation. Retinal and especially S-cone ischemia or tran-
sient hypoperfusion may also play a role in color vision deficiency
described in this study. Itis well known that S cones differ both mor-
phologically [1] and metabolically [22] from M and L cones. Besides,
the distribution of S cones in the human retina is different com-
pared to L and M cones. In contrast to L and M cones, S cones are
sparse in the peak-cone density center and relatively more dense-
ly populated in the periphery of the retina [4]. This might be the
reason why hypoxic-ischemic conditions, to which retinal periph-
ery is far more susceptible than the central retina, predominantly
affect the tritan color vision axis. However, it has previously been
well described that the tritan color vision axis is predominantly af-
fected in experimental hypoxic conditions [19].

Because S cones represent only about 5 % of all human cones
[22], their function is difficult to test. This might also be the reason
why tritan color vision deficiency is not detected more frequently
in different diseases and altered metabolic conditions of the human
body. However, diabetic patients without clinically significant dia-
betic retinopathy show color vision changes predominantly in the
tritan color vision axis [12].

The present study did not show a correlation between the blood
lactate level and color vision deficiency at 5 min after the WT. From
the 3 minute after the WT, the blood lactate level had already
reached a plateau and showed only minor changes. The correlation
might have been present if color vision had also been tested 2 min
after the WT, but this was technically impossible due to extreme
fatigue most participants exhibited. On the other hand, in the high-
altitude study changes in the tritan axis correlated well with in-
creased heart rate and decreased oxygen saturation [20]. It is pos-
sible that these correlations would also be manifested in the pre-
sent study.

The limitations of the present study include the relatively small
number of participants, age limitation (young athletes) and fitness
level (all the participants were in excellent physical shape). It would
be interesting to broaden the study to a larger number of partici-
pants, including different age groups and participants at different
fitness levels. The color vision tests used in the present study were
technically easiest to perform after high-impact physical exercise,
however the results obtained with an anomaloscope would prob-
ably be more accurate as far as the stage of tritan color vision defi-
ciency is concerned.

According to the present study, we conclude that short-dura-
tion, high-impact physical exercise can affect color vision in young,
healthy athletes, which also confirms our research hypothesis. The
tritan (blue-yellow) color vision axis was predominantly affected.
A gender difference was also observed, in that tritan color vision
was affected to a greater extent and improvement was slower in
female compared to male participants.
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