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Abstract:  
 

Although blue blocker lenses (BBLs) are specifically designed to reduce the harmful 

effects of blue light emitted by electronic devices, their effects on visual behavior and 

color perception have not been fully investigated. Commercially available BBLs 

selectively attenuate specific visible light wavelengths on electromagnetic spectrum, 

thereby influencing the contrast sensitivity of individuals. Blue light is defined as the 

wavelength range in the electromagnetic spectrum (380-495 nm) and can be classified 

into two subgroups, blue-violet (380-450 nm) and blue turquoise (450-495 nm), and has 

different effects on human physiology. The aim of our study was to investigate the effects 

of two different BBLs (460 nm and 500 nm) on contrast sensitivity and reading speed, as 

well as to assess their impact on visual acuity. The results showed that the use of BBLs 

increased the number of words read per minute, but the reading speed slowed down with 

increasing age. This may be attributed to the decline in visual acuity with age. 

Additionally, the use of BBLs was found to increase contrast sensitivity; however, 

contrast sensitivity decreased in people aged 41 years and older despite the use of BBLs. 

The results demonstrate that the use of BBLs affects reading speed and contrast 

sensitivity, and they may be useful information for ophthalmologists and a criteria for 

prescribing. 

 

1. Introduction 
 

In 1822, Fourier discovered that an image is the sum 

of baselines characterized by different spatial 

frequencies, phases, contrasts, and directions. The 

power of the human visual system, or the concept of 

visual acuity, is defined as the degree of ability to 

recognize and analyse luminance stimuli of various 

sizes and contrasts because daily activities require 

the visual system to operate at various levels of light 

and contrast. Contrast sensitivity is the ability of the 

visual system to recognize details, edges, and the 

boundaries of objects in a scene and determines the 

performance of the visual system in our natural 

surroundings[1], [2], [3]. When visual acuity 

examinations are conducted at very high contrast (in 

order to achieve visibility at the minimum size 

threshold) and limited to high visual acuity only, this 

means that 90% of the visible periphery is not 

evaluated. Contrast sensitivity testing plays a crucial 

role in determining the true performance of the 

visual system by forcing the visual system to 

produce absolute contrast thresholds for targets of 

varying sizes [4].  

The shortest wavelength in the visible light spectrum 

(380-700 nm), blue light (380-495 nm), has a direct 

effect on many body functions such as sleep cycle, 

memory, psychological state, hormonal balance, as 

well as visual function[5], [6], [7]. However, 

excessive exposure to blue light causes serious side 

effects such as phototoxicity in ocular tissue, 

disruption of circadian rhythms, and psychological 

disorders [7], [8], [9]. Blue light consists of two 

components: blue-violet (380-450 nm) and blue 

turquoise (450-495 nm) wavelengths, and these two 

different wavelengths have different effects on 

human physiology. Oxidative processes associated 

with blue-violet light (380-450 nm) can lead to 

yellowing of the crystalline lens and cataract 

formation while altering the function and appearance 

of retinal structures, triggering photoreceptor cell 
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death and age-related macular degeneration 

(AMD)[10].  

Blue-turquoise light, on the other hand, is essential 

for human health. It serves as a marker of the 

circadian cycle, with its peak occurring around 460 

nm. Exposure to blue light for 2 hours in the evening 

suppresses melatonin, but melatonin concentrations 

recover rapidly within 15 minutes after exposure 

ends. This phenomenon may be attributed to the 

short-term effect of light exposure [11], [12]. Even 

though the sun is the main source of blue light, the 

intensive use of LED backlighting devices such as 

mobile phones, computer screens, and televisions in 

modern life has significantly increased exposure to 

blue light and has led to increased incidence of 

conditions such as Computer Vision Syndrome, 

particularly during the pandemic period [13], [14].  

This situation leads to the need to eliminate the 

negative effects of blue light, including 

phototoxicity, hormonal imbalances, and disruption 

of the sleep rhythm, especially phototoxicity, both in 

the young generation and in the older generation, 

which is open to degenerative changes [8], [15], 

[16], [17]. The use of blue filters in spectacle lenses 

has been increasingly recommended in recent years. 

Filtered lenses absorb both invisible light and part of 

the visible light. These lenses usually enhance 

contrast and help the patient to adapt more quickly 

to different lighting conditions and can increase the 

reading speed by two to three times, especially for 

individuals with visual impairments [14], [16], [18]. 

However, these lenses have no objective prescribing 

criteria [19]. Although blue blocker lenses are 

designed to reduce exposure to the harmful effects 

of blue light, it is still unclear how they will affect 

contrast sensitivity and visual performance[20]. 

Depending on the wavelength of the light, optical 

filters can transmit, reflect, or absorb it. Reducing 

the transmission of short-wavelength blue light is the 

basic idea behind blue light filters. In recent years, 

there have been numerous studies into the 

relationship between blue light filters and visual 

performance and eye health. Blue light filters are 

known to have the potential to reduce the effects of 

light scattering and chromatic aberration, improving 

visual acuity and contrast [21]. Although the use of 

blue light filters in both healthy eyes and those 

affected by cataracts, AMD, and/or other retinal 

diseases is known to improve visual acuity and 

contrast sensitivity, there is limited evidence to 

suggest that these filters significantly improve 

overall visual performance [22]. The most crucial 

question is whether it is appropriate to filter out all 

blue light [8], [15], [23], [24]. While it is important 

to avoid blue light at night to maintain some 

physiological balances, the human body needs blue 

light during the day for various essential processes. 

There are different types of BBLs on the market, 

depending on the wavelength, but it is not clear 

which one provides the most benefit with the fewest 

adverse effects. Furthermore, several studies in the 

literature have examined how filtering affects 

intraocular lenses used in cataract surgery. 

The aim of our study is to evaluate the beneficial 

effects (contribution to reading speed and contrast 

sensitivity) of 500 nm filters, which block all 

wavelengths of blue light, and 460 nm filters, which 

specifically block blue-violet part. The goal is to 

understand whether the beneficial effects of blue 

light filters can be obtained by protecting against 

side effects without requiring a high level of 

filtering. 

 

 

2. Material and Methods: 
 

2.1 Design and Sampling 

 

Our study was approved by the Ethics Committee of 

Istanbul Okan University and was conducted 

according to the principles of the Declaration of 

Helsinki. Participants were provided with both 

written and verbal information regarding the study, 

and written informed consent was obtained. The 

study included healthy individuals aged 25-60 years, 

without advanced eye disease and refractive error, 

systemic diseases such as diabetic retinopathy, 

neurological diseases or hereditary eye diseases, 

with full vision with spectacles, who applied to 

optical stores on the Anatolian side of Istanbul 

between February and May 2022. The population of 

the study was 28,800 people expected to apply to 

optical stores during the research period, and the 

minimum sample size was calculated to be 380 

people with a 95% confidence level and 80% power 

(8.25 patients/day according to the information from 

the union of optician chambers).  Participants were 

fully informed about the study, and their consent was 

obtained prior the application. Data were collected 

through tests conducted by students enrolled in the 

opticianry program. 

 

2.1 Data Collection 

 

Tests were conducted with 20 individuals in each 

optical store. Equal numbers of participants were 

divided into two groups: the first between the ages 

of 25 and 40, while those in the second between the 

ages of 41 and 60. This division was made to assess 

how different filter lenses affected reading speed and 

contrast sensitivity in individuals with presbyopia 

(near vision impairment) after the age of 40. 

Optician students measured the effects of spectacle 

filters on reading speed and contrast sensitivity using 
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the Pelli-Robson Contrast Sensitivity Card and MN 

Read vision thresholds. All measurements were 

conducted under the supervision of the researchers 

using the face-to-face interviews with two filtered 

spectacle lenses that can filter up to 460 nm and 500 

nm.  

Participants repeated all tests three times. In the first 

step, they were asked to select and read the line 

containing the smallest text size they could see 

without using any filter (naked eye) on MN Read 

acuity charts held at a distance of 40 cm.  

Participants who were able to read 20/20 lines 

without correction were included in the study, and 

their reading speeds were recorded. Different MN 

Read cards were used in each step in order to keep 

the read line in mind and prevent it from affecting 

the result. The Pelli-Robson contrast sensitivity card 

was then held at a distance of 1 meter in 480 lux 

ambient lighting, and the participant was asked to 

read the letter at the lowest contrast level they could 

read, and the corresponding scale value was 

recorded. This measurement was repeated for 

monocular (right and left eye separately) and 

binocular vision. In the second and third steps, the 

same procedures were carried out using BBLs 

capable of filtering up to 460 nm and 500 nm, 

respectively. 

The validity and reliability of both tests have been 

approved and are commonly used in eye 

examinations, and the test material was provided by 

the researcher. As it was not possible to replicate the 

original test card, the research was carried out over 

an extended period of time in the optical stores, 

under the supervision of the researchers. The Pelli-

Robson test consists of letters with different 

contrasts and does not require knowledge of a 

specific language or training. The Turkish validation 

of the MN Read acuity charts was carried out by 

Prof. Dr. A. İdil [25] . We used these cards to ensure 

that letter size and difficulty were validated and 

standardised.  

 

2.2. Data Analysis 

 

The data were analysed using IBM SPSS (Statistical 

Package for the Social Sciences) version 21. 

Descriptive statistics (mean, standard deviation, 

frequency, percentage, etc.) were calculated based 

on the collected data. Differences between the two 

groups in terms of quantitative variables were 

assessed using an independent samples t-test for 

variables with a normal distribution and a Mann-

Whitney U test for variables without a normal 

distribution. The difference between the two groups 

in terms of qualitative variables was analysed by the 

chi-square test (Pearson chi-square, Fisher's exact 

test). The significance level was set at p<0.05. 

3. Result and Discussions 
 

Our study, which investigated the effect of blue light 

filters on contrast sensitivity and reading speed, was 

carried out on 427 people on the Anatolian side of 

Istanbul. 460 and 500 nm filter lenses with two 

different BBLs and Pelli-Robson contrast sensitivity 

charts were used with the naked eye to determine the 

letter with the lowest contrast level that participants 

could read. Additionally, MN Read acuity charts 

were employed to read the line with the smallest font 

size corresponding to 20/20 vision, and reading 

speeds were recorded. Table 1 shows the distribution 

of participants according to their demographic 

characteristics. Among the 427 healthy participants 

in the study, 46.6% were female and 53.4% were 

male. The distribution of the participants through 

their ages was as follows: 13.6% of the were aged 

20-25 years, 25.8% were aged 26-30 years, 16.2% 

were aged 31-35 years, 10.5% were aged 36-40 

years, 11.7% were aged 41-45 years, 9.1% were 

aged 46-50 years, and 13.1% were aged 51 years and 

older. Table 2 presents the results of one-factor 

ANOVA and Friedman test for repeated 

measurements for the comparison of the 

measurements made with the naked eye, 460nm 

filter, and 500nm. According to the naked eye 

measurements, the mean MN Read scale score was 

0.49±0.25 s and the mean MN Read duration was 

4.96±1.31 s.  The mean Pelli-Robson right eye scale 

was 1.72±0.21 s, the mean Pelli-Robson binocular 

scale was 1.81±0.23 s, and the mean Pelli-Robson 

left eye scale was 1.71±0.20 s.  For 460 nm filters, 

the mean MN Read scale score was 0,47±0,25 s and 

the mean MN Read duration was 4,84±1,31 s. The 

mean Pelli-Robson right eye scale was 1,77±0,20 s; 

the mean Pelli-Robson binocular scale was 

1,84±0,22 s, and the mean Pelli-Robson left eye 

scale was 1,76±0,19 s. Lastly, for 500 nm filters the 

mean MN Read scale score was 0,46±0,23 s and the 

mean MN Read duration was 4,93±1,39 s. The mean 

Pelli-Robson right eye scale was 1,76±0,20 s; the 

mean Pelli-Robson binocular scale was 1,83±0,21 s, 

and the mean Pelli-Robson left eye scale was 

1,76±0,20 s.  

Significant differences were found between the 

measurement scores obtained with the naked eye, 

460 nm filter, and 500 nm filter in the MN Read 

acuity scale (F = 24.88; p < 0.05), MN Read duration 
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(X² = 8.47; p < 0.05), Pelli-Robson right eye scale 

(X² = 45.96; p < 0.05), Pelli-Robson binocular scale 

(X² = 19.79; p < 0.05), and Pelli-Robson left eye 

scale (X² = 45.25; p < 0.05). 

MN Read Scale and MN Read Duration scores in 

naked eye measurement significantly higher than 

scores in 460nm filter measurement. The Pelli 

Robson right eye scale, binocular scale, and left eye 

scale scores with the 460 nm filter were noticeably 

higher than those with the naked eye. There was no 

significant difference (p > 0.05) between 460 nm 

filter and 500 nm filter for MN Read time, Pelli 

Robson right eye scale, Pelli Robson binocular scale, 

Pelli Robson left eye scale scores. The MN Read 

scale values for the measurement with the 460 nm 

filter are apparently higher than the values for the 

measurement with the 500 nm filter. Reading speed 

tests using MN Acuity charts indicate that the use of 

BBLs reduces reading times. An increase in the 

number of words read per minute was observed with 

the use of BBLs, although the difference was not 

relevant. The results of the Pelli-Robson contrast 

sensitivity chart test showed that the use of BBLs 

enhanced contrast sensitivity and allowed the 

observation of letters with lower contrast.  

Table 3 presents the results of the independent two-

sample t-test used to compare the measurements by 

gender. It was found that naked eye measurements 

did not show a significant difference between the 

genders (p > 0.05), and while the use of BBLs 

reduced reading times, no significant difference was 

observed between men and women (p > 0.05). 

Similarly, it is observed that the use of BBL does not 

cause a discernible variation between men and 

women in terms of contrast sensitivity.  Table 4 

reflects the results of the ANOVA test for the 

comparison of the measurements made using the 

naked eye, 460nm filter, and 500nm filter across 

various age groups. It was found that MN Read 

duration (F=2.85; p<0.05) and Pelli Robson 

binocular scale (F=12.69; p<0.05) scores with the 

naked eye did not differ significantly (p>0.05) 

according to age groups. According to the LSD post-

hoc tests performed to determine the differences 

between the age groups, it was observed that the 

naked eye MN Read duration score of the 

participants aged 41 years and over was considerably 

higher than the score of the participants aged 30 

years and under. The Pelli Robson binocular scale 

scores for participants under 40 years of age were 

drastically higher than those of persons 41 years of 

age and older. 

MN Read time with 460nm filter (F=3.04; p<0.05) 

and Pelli Robson binocular scale (F=14.94; p<0.05) 

scores did not substantially affected (p>0.05) by age 

group. The 460nm filtered MN Read duration score 

of people aged 41 and older was substantially higher 

than the score of participants aged 30 and under, as 

indicated by the LSD post hoc tests used to ascertain 

the age group differences. Participants 35 years of 

age and younger had a substantially higher 460nm 

filtered Pelli Robson binocular scale score than those 

41 years of age and older. 

MN Read time (F = 4.83; p<0.05) and Pelli Robson 

binocular scale (F = 16.56; p<0.05) values with a 500 

nm filter did not show a significant difference (p > 

0.05) according to age groups. According to the LSD 

post-hoc tests performed to determine the difference 

between the age groups, the 500nm filtered MN 

Read duration score of the participants aged 41 years 

and over is vastly higher than the score of the 

participants aged 30 years and under. The 500nm 

filtered Pelli Robson binocular scale score of 

participants aged 40 years and younger was 

significantly higher than that of participants aged 41 

years and older. In age-related comparisons, the 

increase in reading times (decrease in reading speed) 

with advancing age (41 years and over) can be 

attributed to the decrease in visual acuity associated 

with aging. With increasing age, the time required to 

identify letters at readable contrast levels decreases.  

It is hypothesized that the participants may have 

reported the first letter they perceived.  

In the age-related comparison, the use of BBLs was 

shown to decrease contrast sensitivity with age and 

make high-contrast letters easier to read. Contrast 

sensitivity is known to decrease with age due to a 

number of physical and biological changes in the 

eye. 

Compared to the naked eye, the use of 460 nm and 

500 nm filters shortens the reading times. After 

comparing the 460 nm and 500 nm filters, it was 

discovered that the use of the 460 nm filter yielded 

better results, albeit with a very small difference, and 

the number of words read per minute being higher 
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than the 500 nm filter. When evaluated according to 

the age criterion, it can be seen that the reading speed 

is shorter for individuals aged 20–40, as expected, 

while this period is longer for individuals aged 41 

and over. However, when comparing the 460 nm and 

500 nm filters, it reveals a similar trend in the 41 and 

over age groups as in the 20- 40 age group. 

The effect of the two blue light filters on contrast 

sensitivity was similar. Both filters improved 

contrast sensitivity, but no significant superiority of 

either filter was observed. 

Table 1 . Distribution of participants according to demographic characteristics 
Demographic Variables Groups n % 

Genders 
Female 199 46,6 

Male 228 53,4 

Age Groups 

20-25 years 58 13,6 

26-30 years 110 25,8 

31-35 years 69 16,2 

36-40 years 45 10,5 

41-45 years 50 11,7 

46-50 years 39 9,1 

51 years and above 56 13,1 

 

Table 2.  Comparison of measurements with naked eye, 460nm filter and 500nm filter 

Variables Group n 𝐗 SD F p 

MN Read Scale 

Naked Eye 427 0,49 0,25 

24,881 0,000 460nm filter 427 0,47 0,25 

500nm filter 427 0,46 0,23 

MN Read Duration 

Naked Eye 427 4,96 1,31 

8,472 0,015 460nm filter 427 4,84 1,31 

500nm filter 427 4,93 0,23 

Pelli Robson Right Eye Scale 

Naked Eye 427 1,72 0,21 

45,962 0,000 460nm filter 427 1,77 0,20 

500nm filter 427 1,76 0,20 

Pelli Robson Binocular Scale 

Naked Eye 427 1,81 0,23 

19,792 0,000 460nm filter 427 1,84 0,22 

500nm filter 427 1,83 0,21 

Pelli Robson Left Eye Scale 

Naked Eye 427 1,71 0,20 

45,252 0,000 460nm filter 427 1,76 0,19 

500nm filter 427 1,76 0,20 
1: ANOVA statistic for repeated measurements 2: Friedman test X2 statistics n: Sample size X̅: Mean Arithmetic  

SD: Standard Deviation 

 

Table 3. Comparison of the measurements by gender 

Filter Variables Gender n 𝐗 SD t p 

Naked Eye 
MN Read Scale 

Female 199 0,48 0,25 
-0,721 0,382 

Male 228 0,50 0,26 

MN Read Duration Female 199 4,89 1,28 -0,97 0,332 
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Male 228 5,02 1,33 

Pelli Robson Right Eye 

Scale 

Female 199 1,74 0,20 
1,07 0,287 

Male 228 1,71 0,21 

Pelli Robson Binocular 

Scale 

Female 199 1,81 0,22 
0,15 0,880 

Male 228 1,81 0,24 

Pelli Robson Left Eye 

Scale 

Female 199 1,70 0,20 
-0,76 0,448 

Male 228 1,72 0,21 

460 nm filter 

MN Read Scale 
Female 199 0,46 0,26 

-1,141 0,254 
Male 228 0,49 0,25 

MN Read Duration 
Female 199 4,76 1,29 

-1,13 0,257 
Male 228 4,90 1,34 

Pelli Robson Right Eye 

Scale 

Female 199 1,78 0,20 
0,77 0,441 

Male 228 1,76 0,20 

Pelli Robson Binocular 

Scale 

Female 199 1,85 0,22 
0,41 0,678 

Male 228 1,84 0,22 

Pelli Robson Left Eye 

Scale 

Female 199 1,76 0,19 
0,32 0,748 

Male 228 1,76 0,20 

500 nm filter 

MN Read Scale 
Female 199 0,44 0,23 

-1,33 0,184 
Male 228 0,47 0,23 

MN Read Duration 

Female 199 4,88 1,26 
-0,67 0,504 

Male 228 4,97 1,49 

Pelli Robson Right Eye 

Scale 

Female 199 1,76 0,20 
0,27 0,787 

Male 228 1,76 0,20 

Pelli Robson Binocular 

Scale 

Female 199 1,84 0,21 
0,32 0,747 

Male 228 1,83 0,21 

Pelli Robson Left Eye 

Scale 

Female 199 1,76 0,20 
0,41 0,685 

Male 228 1,76 0,20 

1: Mann Whitney U Test Z statistics n: Sample size X̅: Mean Arithmetic SD: Standard deviation t: Independent two-sample t-test 

statistics 

Table 4. Comparison of measurements made with naked eye, 460 nm filter and 500 nm filter according to age group 
Filter Variables Age n 𝐗 SD F p 

Naked Eye MN Read Duration 

20-25 years 58 4,72 1,32 

2,85 0,000 26-30 years 110 4,65 1,09 

31-35 years 69 4,94 1,33 
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36-40 years 45 5,02 1,23 

41-45 years 50 5,28 1,34 

46-50 years 39 5,33 1,24 

51 years and above 56 5,23 1,57 

Pelli Robson Binocular Scale 

20-25 years 58 1,90 0,19 

12,69 0,000 

26-30 years 110 1,90 0,22 

31-35 years 69 1,83 0,19 

36-40 years 45 1,82 0,23 

41-45 years 50 1,73 0,20 

46-50 years 39 1,70 0,24 

51 years and above 56 1,65 0,23 

460 nm filter 

 

MN Read Duration 

20-25 years 58 4,53 1,20 

3,04 0,006 

26-30 years 110 4,54 1,19 

31-35 years 69 4,84 1,38 

36-40 years 45 5,04 1,36 

41-45 years 50 5,28 1,14 

46-50 years 39 5,00 1,26 

51 years and above 56 5,05 1,55 

Pelli Robson Binocular Scale 

20-25 years 58 1,90 0,19 

14,94 0,000 

26-30 years 110 1,94 0,19 

31-35 years 69 1,88 0,19 

36-40 years 45 1,83 0,23 

41-45 years 50 1,80 0,18 

46-50 years 39 1,77 0,21 

51 years and above 56 1,66 0,21 

500 nm filter 

MN Read Duration 

20-25 years 58 4,62 1,36 

4,83 0,000 

26-30 years 110 4,59 1,18 

31-35 years 69 4,68 1,31 

36-40 years 45 5,16 1,52 

41-45 years 50 5,38 1,37 

46-50 years 39 5,15 1,44 

51 years and above 56 5,46 1,48 

Pelli Robson Binocular Scale 

20-25 years 58 1,90 0,18 

1,56 0,000 

26-30 years 110 1,92 0,19 

31-35 years 69 1,88 0,20 

36-40 years 45 1,85 0,21 

41-45 years 50 1,75 0,19 

46-50 years 39 1,74 0,18 

51 years and above 56 1,66 0,19 

1: Kruskal Wallis H test X2 statistics n: Sample size X̅: Mean arithmetic SD: Standard deviation F: ANOVA test F test statistics 
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4. Conclusions 

 
The results may assist eye care professionals in the 

prescription of BBLs. This study was conducted on 

healthy individuals aged 25–60 who visited to 

optical stores in the Anatolian side of Istanbul. 

However, contrast sensitivity tends to decrease with 

natural ageing and ocular disorders [20]. It is 

therefore worth considering additional tests and 

assessing the overall visual health of the individual 

before prescribing, particularly for the elderly and 

those with ocular diseases. 
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