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Abstract: Purpose: One of the principal contributing factors to computer vision syndrome (CVS) maybe the intense 
light, including the blue light, emanating from computer displays. The purpose of this study is to investigate if 
wearing blue light filters improve tear production and relieves CVS-related symptoms. Methods: Twenty dry eye 
patients, diagnosed with a baseline Schirmer's test of <10mm (mean=5.35mm), and 20 more patients with normal 
Schirmer's test values (mean=13.15 mm) participated in the study. The subjects were free from accommodation lag, 
with no other eye diseases and a habitual near Snellen visual acuity of no worse than 0.8. Blue light filters of low, 
medium, and high densities, were sequentially worn, each for one week. At the end of each week, and after two 
hours of continuous computer work on the last day, Schirmer's test was performed and a questionnaire of graded 
ocular complaints was also completed. Data were then analyzed with ANOVA and Post Hoc Bonferroni methods. 
Results: A tendency towards increasing Schirmer's test values with higher filter densities was found; however, this 
change was not statistically significant in both normal (F=1.817, p=0.151) and dry eye groups (F=2.055, p=0.113). 
On the other hand, dry eye patients reported significantly more comfortable and more relaxed computer work with 
all filter densities (F=11.354, p=0.000), when in contrast, this response was statistically insignificant in the normal 
group (F=1.108, p=0.351). Discussion: Wearing blue light blocking filters has no significant effect in improving tear 
production in both normal and dry eye patients. More importantly, in the latter group, a perceived improvement in 
CVS-related complaints is clearly seen. Blue light filters therefore can be worn to improve comfort; although it must 
be done judiciously to avoid inadvertent changes to other physiological functions.  
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1. Introduction 

Dry eye syndrome has been recognized as a 
growing public health problem among ethnic Chinese, 
with a prevalence of 21 to 50.1% in adults,1-3 and 60 
to 80% in older population.4 Similar findings have 
also been reported in the US5-6 and Japan.7-8 The 
symptoms of dry eye or keratoconjunctivitis sicca are 
essentially ocular complaints that include reflex 
tearing, burning or stinging, grittiness, foreign body 
sensation, blurred vision, photophobia, and even 
asthenopia.9-11 These symptoms can negatively affect 
a patient's quality of life.12-18 While dry eye per se is 
fundamentally inflammation resulting from 
Meibomian gland dysfunction, it can be further 
exacerbated by various physiological and 
environmental factors. Among the latter is the 
increasing use of computers of various forms, leading 
to a myriad of symptoms, collectively known as 
computer vision syndrome (CVS). It is estimated that 
as high as 90% of computer users suffer from CVS 
including not only dryness of the eye, but also 

accommodative fatigue, diplopia, and decreasing 
visual acuity. The underlying factors of CVS are 
known to be reduced blinking rates and excessive dark 
accommodation during prolonged attentive computer 
work.9, 16, 19 More recently, it is becoming clear that 
excessive exposure to the high-energy visible 
including blue light emanating from the displays of 
computers, laptops, tablets, smart phones, and 
televisions, may also be associated with eye strain.8, 19 
In fact, because of the ocular effects, the blue light 
component may be directly involved in the manifest 
of CVS. Current understanding is that while natural 
blue light during daylight hours is necessary for 
boosting attention, mood, and shortening reflex 
reaction times,20,21 artificial blue light can quickly 
elicit ocular responses, such as ciliary muscle 
contraction22,23 and pupillary constriction.24 Which, 
when sustained, can also result in or add to ocular 
discomfort and fatigue. Also, by passing through the 
cornea and the crystalline lens unabsorbed, natural 
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and the more direct artificial blue light can both reach 
and eventually injure the retina.25  

Dry eye is one of the most common complaints 
encountered in the eye clinics. The efficacy of medical 
treatment has been based on physiological evaluation 
such as improvement in corneal epithelial healing 
and/or tears film stability.9-11 On the other hand, it is 
reasonable to assume that by blocking the artificial 
blue light emitting from computer displays through the 
use of filters, ocular discomfort may also be lessened, 
at least in part. The purpose of the present study is 
therefore to investigate specifically if wearing blue 
light filter lenses improves dryness of the eye and 
relieves CVS-related ocular complaints. 

Twenty dry eye patients (or the dry eye group, 
mean age=45.3±3.33 years, 10 males and 10 females), 
diagnosed with a baseline Schirmer's test of <10mm 
(mean=5.35mm), and twenty more patients (or the 
normal group, mean age=46.1±2.88 years, 10 males 
and 10 females) with normal Schirmer's test values 
(mean=13.15 mm) participated in the study. The study 
had received approval from the Institutional Review 
Board through an expedited process as one that posed 
minimal risks to the participants. The subjects were 
free from accommodation lag, with no other eye 
diseases and a habitual near and medium Snellen 
visual acuity of no worse than 0.8. All participants 
used their own prescription spectacles during daily 
activities and also for the two-hour experimental 
computer work during this study.  

Wrap-around goggles with blue light filters of 
three densities, low, medium, and high, were 
sequentially worn during daily computer work, each 
density for one week. At the end of each week, and 
after two hours of continuous computer work on the 
last day, Schirmer's test was performed. For this two-
hour testing period, room temperature, humidity, LED 
display specifications (21-inch monitor size, LED 
brand, and 1024 x 768 resolution) were fixed. In 
addition, ocular complaints were recorded via a 
questionnaire with a grading of 0 to 2 (with 0 being 
“very uncomfortable”, 1 being “uncomfortable” and 2 
being “comfortable”). The questionnaire included (1) 
eye strain, (2) watery eyes, (3) burning sensation, (4) 
ocular grittiness or pain, (5) blurred vision, (6) 
photophobia, (7) dizziness, and (8) headaches. The 
validity of the content and the reliability of 
questionnaire completion were also assessed. And the 
results showed that the test-retest reliability r= 0.995 
and the internal consistency reliability Cronbach 
α=0.915.  

Data were then analyzed with ANOVA and Post 
Hoc Bonferroni methods by using the SPSS 18 

package (Data Statistical Analysis Corporation, Taipei, 
Taiwan).  

 
Results 

The descriptive statistical results of the Schirmer's 
test and ocular complaints are shown in Table 1. There 
appeared a tendency of increasing Schirmer's test 
values with higher filter densities among normal 
(mean of Schirmer's test values ranged from 13.150 to 
14.325) and dry eye patients (mean Schirmer's test 
values ranged from 5.350 to 7.125) (see also Fig 1). 
Furthermore, ocular complaint scores also showed a 
steady progression in normal (mean of ocular 
complaint scores ranged from 10.70 to 12.10) and dry 
eye patients (mean of ocular complaint scores, from 
5.10 to 7.65) (see also Fig 2). Changes in Schirmer's 
test values were not statistically significant in both 
normal (F=1.817, p=0.151) and dry eye groups 
(F=2.055, p=0.113) (Table 2). However, the dry eye 
patients reported significantly more comfortable and 
more relaxed computer work with all filter densities 
(F=11.354, p=0.000). In contrast, this response was 
statistically insignificant in the normal group 
(F=1.108, p=0.351). Post Hoc Bonferroni confirmed 
that dry eye patients did show a significant difference 
between the baseline and when wearing all three 
filters; although no correlation with the filter densities 
was noted.  

 
4. Discussion 
      Our results show that wearing blue light blocking 
filters has no significant effect in changing tear 
production in both normal and dry eye groups. 
Importantly, however, a perceived improvement in 
CVS-related complaints is clearly seen in the dry eye 
group. While the placebo effect cannot be totally 
discounted, one possibility is the reduced blue light 
irradiation may also decrease irritation to the nerve 
endings of moderately to severely desiccated corneas. 
The improvement in ocular comfort therefore can be 
the interplay of blue light blocking and other yet-to-be 
identified factors than ciliary muscle contraction and 
pupilary constriction. Additional studies will be 
needed.  
     It would appear that to improve the comfort of 
computer users suffering from dry eye, blue light 
filters may be helpful. Although it should also be noted 
that since blue light is both beneficial and harmful at 
the same time, blocking of blue light may prove 
therapeutically effective only if done judiciously, or 
risk disruption of, for example, internal body clock 
function as it may suppresses the secretion of sleep-
inducing melatonin.26-29  
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Table 1. Descriptive statistics of Schirmer's test and ocular complaints. 
 

N Mean SD 
95% CI 

Upper Lower 
Normal patients Schirmer's test Baseline 20 13.150 1.9541 12.235 14.065 

Low density filter 20 13.425 2.0601 12.461 14.389 
Medium density filter  20 14.175 1.7112 13.374 14.976 
High density filter 20 14.325 1.8229 13.472 15.178 
Total 80 13.769 1.9208 13.341 14.196 

Ocular complaints Baseline 20 10.70 2.494 9.53 11.87 
Low density filter 20 11.35 2.815 10.03 12.67 
Medium density filter  20 11.50 2.373 10.39 12.61 
High density filter 20 12.10 2.024 11.15 13.05 
Total 80 11.41 2.448 10.87 11.96 

Dry eye patients Schirmer's test Baseline 20 5.350 2.5189 4.171 6.529 
Low density filter 20 6.625 2.4380 5.484 7.766 
Medium density filter 20 6.900 2.6587 5.656 8.144 
High density filter 20 7.125 2.2704 6.062 8.188 
Total 80 6.500 2.5246 5.938 7.062 

Ocular complaints Baseline 20 5.10 1.619 4.34 5.86 
Low density filter 20 6.65 1.755 5.83 7.47 
Medium density filter 20 7.35 1.387 6.70 8.00 
High density filter 20 7.65 1.226 7.08 8.22 
Total 80 6.69 1.783 6.29 7.08 

 
Table 2. Inter- and intra-group changes in Schirmer's test values and ocular complaint scores. 

 SS df MS F P value 
Normal patients Schirmer's test Between Groups 19.509 3 6.503 1.817 0.151 

Within Groups 271.963 76 3.578   
Total 291.472 79    

Ocular Complaints Between Groups 19.838 3 6.613 1.108 0.351 
Within Groups 453.550 76 5.968   
Total 473.388 79    

Dry eye patients Schirmer's test Between Groups 37.775 3 12.592 2.055 0.113 
Within Groups 465.725 76 6.128   
Total 503.500 79    

Ocular Complaints Between Groups 77.738 3 25.913 11.354 0.000 
Within Groups 173.450 76 2.282   
Total 251.188 79    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Box-plots of different filter densities vs  
Schirmer's  test values. 

Fig 2. Box-plots of different densities vs 
ocular complaint scores. 



Life Science Journal, 2014;11(6)                                                         http://www.lifesciencesite.com 

 

615 

Corresponding Author: 
Ching-Ying Cheng. 
School of Optometry, Chung Shan Medical 
University, Taichung 402, Taiwan.   
Department of Ophthalmology, Chung Shan Medical 
University Hospital, Taichung 402, Taiwan. 
ldiioul.tw@gmail.com 
 
References 
1. Jie Y, Xu L, Wu YY & Jonas JB. Prevalence of dry eye 

among adult Chinese in the Beijing Eye Study. Eye 2009; 
23: 688-693. 

2. Tian YJ, Liu Y, Zou HD, Jiang YJ, Liang XQ, Sheng MJ, Li 
B & Xu X. Epidemiologic study of dry eye in populations 
equal or over 20 years old in Jiangning District of 
Shanghai. Chin J Ophthalmol 2009; 45: 486-491. 

3. Guo B, Lu P, Chen X, Zhang W & Chen R. Prevalence of dry 
eye disease in Mongolians at high altitude in China: the 
Henan eye study. Ophthalmic Epidemiol 2010; 17: 234-
241. 

4. Lin PY, Cheng CY, Hsu WM, Tsai SY, Lin MW, Liu JH & 
Chou P. Association between symptoms and signs of dry 
eye among an elderly Chinese population in Taiwan: the 
Shihpai Eye Study. Invest Ophthalmol Vis Sci 2005; 46: 
1593-1598. 

5. Schaumberg DA, Dana MR, Buring JE, & Sullivan DA. 
Prevalence of dry eye disease among US men: estimates 
from the Physicians' Health Studies. Arch Ophthalmol 
2009; 127: 763-768. 

6. Schaumberg DA, Sullivan DA, Buring JE, & Dana MR. 
Prevalence of dry eye syndrome among US women. Am J 
Ophthalmol 2003; 136: 318-326. 

7. Uchino M, Yokoi N, Uchino Y, Dogru M, Kawashima M, 
Komuro A, Sonomura Y, Kato H, Kinoshita S, 
Schaumberg DA, & Tsubota K. Prevalence of dry eye 
disease and its risk factors in visual display terminal users: 
the Osaka study. Am J Ophthalmol 2013; 156: 759-766. 

8. Uchino M, Schaumberg DA, Dogru M, Uchino Y, Fukagawa 
K, Shimmura S, Satoh T, Takebayashi T, Tsubota K. 
Prevalence of dry eye disease among Japanese visual 
display terminal users. Ophthalmology 2008; 115: 1982-
1988. 

9. Tavares Fde P, Fernandes RS, Bernardes TF, Bonfioli AA, 
Soares EJ. Dry eye disease. Seminar Ophthalmol 2010; 25: 
84-93. 

10. Akpek EK, Lindsley KB, Adyanthaya RS, Swamy R, Baer 
AN & McDonnell PJ. Treatment of Sjogren’s syndrome-
associated dry eye: an evidence-based review. 
Ophthalmology 2011; 118: 1242-1252. 

11. Schiffman RM, Walt JG, Jacobsen G, Doyle JJ, Lebovics G, 
Sumner W. Utility assessment among patients with dry eye 
disease. Ophthalmology 2003; 110: 1412-1419. 

12. Miljanovic B, Dana R, Sullivan DA, Schaumberg DA. 
Impact of dry eye syndrome on vision-related quality of 
life. Am J Ophthalmol 2007; 143: 409-415. 

13. Mertzanis P, Abetz L, Rajagopalan K, et al. The relative 
burden of dry eye in patients’ lives: comparisons to a U.S. 
normative sample. Invest Ophthalmol Vis Sci 2005; 46: 46-
50. 

14. Nichols KK, Mitchell GL, Zadnik K. Performance and 
repeatability of the NEI-VFQ-25 in patients with dry eye. 
Cornea 2002; 21: 578-583. 

15. Rajagopalan K, Abetz L, Mertzanis P, et al. Comparing the 
discriminative validity of two generic and one disease-
specific health-related quality of life measures in a sample 
of patients with dry eye. Value Health 2005; 8: 168-174. 

16. Digre KB. Patient Handout: Photophobia. Available from 
http://content.lib.utah.edu/utils/getfile/collection/EHSL-
NOVEL/id/2014/filename/1986.pdf. May 23th, 2014. 

17. Rossi GC, Tinelli C, Pasinetti GM, Milano G & Bianchi PE. 
Dry eye syndrome-related quality of life in glaucoma 
patients. Eur J Ophthalmol 2009; 19: 572-579. 

18. Mizuno Y, Yamada M, Miyake Y & Dry Eye Survey Group 
of the National Hospital Organization of Japan. Association 
between clinical diagnostic tests and health- related quality 
of life surveys in patients with dry eye syndrome. Jpn J 
Ophthalmol 2010; 54: 259-265. 

19. M. Collins, B. Brown, K. Bowman, A. Carkeet Workstation 
variables and visual discomfort associated with VDTs 
Appl Ergon 1990; 21: 157-161. 

20. Cajochen C, Frey S, Anders D, Späti J, Bues M et al. 
Evening exposure to a light-emitting diodes (LED)-backlit 
computer screen affects circadian physiology and cognitive 
performance. J Appl Physiol 2011; 110: 1432-1438. 

21. Plitnick B, Figueiro MG, Wood B, & Rea MS. The effects of 
red and blue light on alertness and mood at night. Lighting 
Res Technol 2010; 42: 449-458. 

22. Digre KB, & Brennan KC. Shedding Light on Photophobia. 
J Neuroophthalmol 2012; 32(1): 68–81. 

23. Main A, Vlachonikolis I, & Dowson A. The wavelength of 
light causing photophobia in migraine and tension-type 
headache between attacks. Headache 2000; 40: 194-199. 

24. Kardon R, Anderson SC, Damarjian TG, Grace EM, Stone 
E, & Kawasaki A. Chromatic Pupil Responses: 
Preferential Activation of the Melanopsin-mediated versus 
Outer Photoreceptor- mediated Pupil Light Reflex. 
Ophthalmology 2009; 116(3): 1564-1573 

25. Grimm C, Wenzel A, Williams T, Rol P, Hafezi F, & Remé 
C. Rhodopsin-mediated blue-light damage to the rat retina: 
effect of photoreversal of bleaching. Invest Ophthalmol Vis 
Sci 2001; 42: 497-505. 

26. Cajochen C, Jud C, Munch M, et al. Evening exposure to 
blue light stimulates the expression of the clock gene PER2 
in humans. Eur J Neurosci 2006; 23: 1082-1086. 

27. Chellappa SL, Viola AU, Schmidt C, et al. Human melatonin 
and alerting response to blue-enriched light depend on a 
polymorphism in the clock gene PER3. J Clin Endocrinol 
Metab 2012; 97: 433-437. 

28. Berson DM. Strange vision: ganglion cells as circadian 
photoreceptors. Trends Neurosci 2003; 26: 314-320. 

29. Boutrel B, & Koob GF. What keeps us awake: the 
neuropharmacology of stimulants and wakefulness 
promoting medications. Sleep 2004;27:1181-1194. 

 
5/25/2014 


