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ABSTRACT

Objective: Compared to standard spectacle lenses (non-blue-blocking), do blue-blocking lenses reduce 
symptoms of asthenopia induced by computer? Methods: A prospective clinical study was carried 
out with 49 volunteers who spent more than 4 hours a day using a computer (age, 29.07±5.50; male: 
female=18:31). Digital asthenopia was assessed using a questionnaire. All participants completed the 
questionnaire with standard spectacles non blue-blocking (baseline) and after 4 weeks with a blue-
blocking lens (Crizal® PrevenciaTM) wearing. The normality of data was assessed using the Shapiro-Wilk 
test. Changes in measured values were compared using the non-parametric Wilcoxon test and p-values 
less than 0.05 were considered statistically significant. Results: Compared to standard spectacle 
lenses (standard spectacle lenses (non-blue-blocking), blue-blocking lenses wearing reduced the total 
asthenopia score from 17.61±5.51 to 13.78±7.51 (p<0.001). Conclusions: Digital asthenopia baseline 
induced by computer was significantly reduced by blue-light blocking spectacle lenses blue wearing. 

RESUMO

Objetivo: Comparadas com lentes oftálmicas que não filtram a luz azul, as lentes com filtro azul 
reduzem os sintomas de astenopia induzida por computador? Métodos: Foi realizado em estudo 
clínico prospectivo com 49 voluntários que passavam mais de 4 h diárias utilizando computador 
(idade, 29,07±5,50; masculino: feminino=18:31). A astenopia digital foi avaliada com questionário. Os 
participantes res ponderam ao questionário no uso de lentes oftálmicas sem filtro azul (baseline) e após 
4 semanas de uso das lentes com filtro azul (Crizal® PrevenciaTM). A normalidade dos dados foi avaliada 
usando o teste Shapiro-Wilk. Alterações nos escores dos sintomas de astenopia foram comparadas 
usando o teste não paramétrico de Wilcoxon e valores de p inferiores a 0,05 foram considerados 
estatisticamente significativos. Resultados: Comparadas com lentes oftálmicas que não filtram a luz 
azul (baseline), o uso das lentes com filtro azul reduziu o escore total de astenopia digital de 17,61±5,51 
para 13,78±7,51 (p<0,001). Conclusões: A astenopia digital baseline induzida pelo computador foi 
significativamente reduzida no uso de lentes que filtram a luz azul.
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INTRODUCTION

The number of computer users is rising exponen-
tially worldwide; however, working at a computer 
terminal is not free from health hazards to eyes as it 
puts significant stress on visual functions1. Workers 
that spend more than 4 hours daily working on vi-
deo display terminals (VDTs) can report visual fati-
gue and discomfort2 derived from insufficient visual 
capabilities to perform the computer task comfor-
tably - digital asthenopia (DA)3. The most common 
symptoms associated with DA are tired eye, sore/
aching eye, irritated eye, watery eye, dryness, eye 
strain, hot/burning eye, blurred vision, difficulty in 
focusing, and visual discomfort4. It is estimated that 
approximately 65% of American citizens suffer from 
DA to some degree5. It has become a significant pu-
blic health problem6. 

Blue light emitted by digital devices has also been 
implicated as a cause of DA7. Isono et al.8 reported 
reduced ocular subjective complaints in young adults 
when reading from a sepia background (reduced blue 
light contribution) compared with the conventional 
white background of a modern tablet device. Cheng 
et al.9 showed in dry eye (DE) a reduction in ocular 
complaint scores with all blue filter levels tested. Ide 
et al.10 reported that the group submitted to a high 
blockage of blue light reported fewer eye symptoms 
post-task compared with other groups. 

Blue-blocking (BB) spectacle lenses that attenuate 
short-wavelength light are being marketed to alleviate 
eye strain and discomfort when using digital devices, 
improve sleep quality, and potentially confer protec-
tion from retinal phototoxicity11. The purpose of the 
present study was to evaluate the effects of BB spectacle 
lenses on computer-induced asthenopia.

METHODS

This prospective clinical study followed the te-
nets of the Declaration of Helsinki and was appro-
ved by the Research Ethics Committee of Faculty of 
Medicine, University of São Paulo, São Paulo, Brazil 
(87584318.1.3001.0065; 10/16/2018). Written in-
formed consent was obtained from participants be-
fore their enrollment. The inclusion criteria were: 
(i) healthy adults aged 20-40 years who spend more 
than 4h daily working on VDTs, and (ii) refractive 
errors with spherical components between ±4D and 
cylindrical between ±2.00D corrected with updated 
glasses without BB blocking. The exclusion criteria 

were: (i) active condition of an allergic, inflammatory 
or infectious nature, on the ocular surface; (ii) users 
of medications that influence the vision and/or mus-
cle function; (iii) contact lens wearers; (iv) strabismus 
and/or amblyopia; and (v) anisometropia greater than 
1.50 D. Forty-nine eligible volunteers were recruited. 

Ophthalmic screening test for participants inclu-
ded slit-lamp microscopy, cover and cover-uncover 
tests, non-contact intraocular pressure measurement, 
accommodation amplitude, and near the point of 
convergence measurements, ocular refraction under 
cycloplegia, corrected distance visual acuity and indi-
rect fundoscopy.

After passing the screening test, all subjects were 
designated to receive a new blue-light blocking spec-
tacle lens (Crizal® Prevencia™) fitted in a similar frame 
with the same optical corrections. Asthenopia was 
evaluated by using a modified questionnaire propo-
sed by Ames et al.4 These questionnaires consisted 
of 10 questions related to asthenopia that needed to 
be responded to using a scale of 0-6, with zero de-
fined as none and six as most severe. Most severe 
asthenopia corresponded to a score of 60. All subjects 
completed the questionnaire with standard spectacle 
lenses (non-BB) and after four weeks with BB lenses 
wearing. Statistical analyses were performed using R 
Studio Program ver. 1.2.5001 (RStudio, Boston, MA, 
USA). Since the assumption of normality was rejec-
ted (Shapiro-Wilk test), comparisons of both glas-
ses regarding asthenopia scores were made with the 
non-pa rametric Wilcoxon test and p-values less than 
0.05 were considered statistically significant. 

RESULTS

The age of the participants was 29.07±5,50 years 
(20-39 years), is 31 (63%) females, and 18 (37%) ma-
les. Concerning the educational level, 45 (92%) were 
college or above. Thirty-six (73%) participants repor-
ted three or more digital devices viewed simultaneously 
in daily life, while 42 (86%) reported everyday com-
puter use for more than 6 hours. Ametropia distribu-
tion by the mean sphere of the right eye is shown in 
figure 1. The cylinder distribution of the right eye is 
shown in figure 2. 

The means of the AA and PPC measurements 
were 11.88±1.50D and 6.82±3.50cm, respectively. 
Total asthenopia score with standard spectacle lenses 
(no- BB) was 17.61±5.51 (maximum possible total 
asthenopia score was 60). Tired eye, sore/aching eye, 
and visual discomfort mean scores were above 2.0. 
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After four weeks with spectacle lenses, BB the ratings 
for six items (tired eye, dryness, eye strain, hot/bur-
ning eye, blurred vision, and visual discomfort) were 
significantly decreased and the total asthenopia score 
reduced to 13.78±7,51 (p<0.001) (Table 1).

DISCUSSION

In the present study, the computer screen watching 
was shown to significantly affect subjective astheno-
pia symptoms accessed by the questionnaire (Table 1). 
Total asthenopia score in the standard spectacle len-
ses (non-BB) wearing was 17.61±5.51. After four we-
eks of spectacle lenses BB wearing, the scores for six 
symptoms were significantly decreased, and the total 
asthenopia score has been reduced to 13,78±7,51; 
p<0.001. 

 However, DA is a multifactorial condition with 
several potential contributory causes, such as uncor-
rected refractive error, oculomotor diseases, tear ab-
normalities, and/or musculoskeletal problems12. The 
subjects recruited for the study had their refractive 
errors properly corrected and did not present oculo-
motor diseases or accommodative or converge pro-
blems. AA and PPC measurements were considered 
individually within normal limits.

Sheedy et al.13 described two distinct mechanisms 
and sets of symptoms related to DA. External symp-
toms of tired, sore/aching, irritated, watery, hot/bur-
ning, and dryness were noted to be closely related to 
DE, while internal symptoms of blurred vision, diffi-
culty in focusing, and visual discomfort were linked 
to accommodative and/or binocular vision stress. In 
the study, the most symptoms mean scores related 
to the DE decrease with spectacle lenses BB wearing. 

Computer use affects blink patterns, ocular surface 
homeostasis, and tear film function14-16. In normal 
healthy subjects, the results show an average 5-fold 
drop in blink rate during VDU17,18. Reduced blink rate 
and a higher proportion of incomplete blinks with 
computer use leads to a greater evaporative loss of 
tears19, reduction of mucin production20, increase of 
inflammatory markers, and tear osmolarity21, causing 
increased of external symptoms19. 

 Regarding changes in optical quality and due to 
tear film dynamics, most studies have focused on 
the changes in corneal or ocular higher-order aber-
rations between blinks using corneal topographers 
or Shack-Hartmann wavefront sensors22-24. However, 
Kaido et al.25 focused on a possible relationship  
between tear stability and visual function in blue light 
exposure. The shorter wavelengths of visible white  
light, such as blue light emitted by digital screens, are 
more strongly scattered than the longer wavelengths as 
they pass through the intraocular structures to reach the 
retina. Spectacle lenses BB placed in front of the eye 
blocks the passage and intraocular dispersion of blue 
light, improving visual efficiency25. Kobashi et al.26 

Figure 1. Ametropia distribution (right eye mean sphere).

Figure 2. Cylinder distribution (right eye cylinder).

Table 1. Changes in asthenopia questionnaire responses with standard 
spectacle lenses (no-BB) and BB lenses (n=49)

Asthenopia symptoms Lenses non-BB Lenses BB p-valor*

Tired eye 2.59±0.83 2.22±1.12 0.053

Sore/aching eye 1.81±1.20 1.22±1.19 0,016*

Irritated eye 1.79±1.13 1.36±1.36 0.039*

Watery eye 1.16±128 1.10±1.43 0.536

Dryness 1.77±114 1.12±1.37 0.002*

Hot/burning eye 0.93±0,87 0.46±0,79 0.002*

Dryness 2.12±0,97 2.34±1,76 0,490

Blurred vision 1.51±0,98 0.98±1,29 0.002*

Difficulty in focusing 1.81±1,37 1.57±1,36 0.315

Visual discomfort 2.08±0,88 1.37±1,53 0.002*

Total 17.61±5,51 13.78±7,51 0.003*
Values presented in mean and standard deviation.
*Wilcoxon Test®.
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had suggested that the increase of intraocular scatte-
ring could have a considerable impact on the dete-
rioration of visual performance and may also aggra-
vate DE symptoms, including eye fatigue, leading 
to headaches and physical and mental fatigue cau-
sed by long exposure to VDTs or other electronic  
screen-based devices. 

BB spectacle lenses (Crizal® Prevencia™) used in 
this study, reduce the quantity of blue-violet light 
(415nm to 455nm) reaching the eye by 20% and 
allow beneficial light to pass through (visible light, 
including blue-turquoise)27. BB spectacle lenses with 
more than 70% of blue-light transmission do not sig-
nificantly affect contrast sensitivity, color vision, and 
visual performance28. The calculation indicates that 
BB spectacle lenses theoretically reduced by 10.6% to 
23.6% of the potential phototoxicity by blocking the 
hazardous radiation between 400 to 500nm28. Crizal® 
Prevencia™ lens effectiveness has been demonstrated 
using the same A2E-loaded RPE tissue culture model 
used to discover the sub-band of blue-violet light that 
causes RPE apoptosis29. When A2E-containing-RPE 
cells were exposed to the white light that mimicked 
the solar spectrum, placing this BB lens between the 
light source and the cells reduced cell apoptosis by 
25% compared to no light filtering at all30. As this 
BB lens allows 80% of the visible spectrum to enter 
the eye at a normal level, the eye’s necessary visual 
and non-visual functions can be maintained while 
exposure to hazardous wavelengths is reduced28. The 
non-visual functions depend on photosensitive re-
tinal ganglion cells (ipRGCs), which contain mela-
nopsin and form a photoreceptive network broadly 
across the inner retina31. The ipRGC response to li-
ght in the chronobiological band (at about 480nmr) 
regulates many non-visual physiologic functions in 
the human body, including circadian entrainment, 
melatonin regulation, pupillary light reflex, cognitive 
performance, mood, locomotor activity, memory, and 
body temperature32-34. 

On digital screens, the characters are getting smal-
ler and more pixelated, and the eyes are constantly 
more exposed to the bright light35. Spectacle blue-light 
filtering lenses reduce screen brightness27,28, blocks 
harmful blue light29.30, and do not significantly affect 
visual performance28. This investigation showed that 
in comparison to standard (non-BB) spectacle lenses, 
BB lenses reduced symptoms of asthenopia digital 
significantly. However, one limitation of this study 
was the evaluation of DA using a questionnaire since 
the responses are somewhat subjective and can be 
affected by responders’ daily physical and mental 
conditions36.
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