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Dry Eye, Blinking and Digital Device Use

An unequivocal fact is that pretty much every teenager and adult relies fairly heavily these days on some form 
of digital device, whether for work or social activities. In fact, surveys of young people in the US show almost 
all teenagers have a smartphone, frequently use two or more devices at a time and almost half are constantly 
online.1, 2  With this, has come increasing reports of dry eye symptoms in those who have extensive use of digital 
technologies.3-5 Is it possible that extensive use of digital devices may exacerbate – or indeed even induce – dry 
eye symptoms?

A systematic review in 2016 identified the prevalence of dry eye disease (DED) in visual display terminal workers 
to range from 10 % to 88 %.6 They noted the diagnostic criteria between the 16 studies that met their inclusion 
criteria were quite variable, including questionnaires on symptoms, tear film anomalies and damage to the cornea 
and/or conjunctiva, with half of the studies using a combination of criteria. However, the prevalence of dry eye 
is also very high in the general population, as noted by the Tear Film and Ocular Surface Society (TFOS) Dry 
Eye Workshop (DEWS II) epidemiology report, where it ranged from 5 to 50 %.7 Recent studies using the TFOS 
DEWS II diagnostic criteria8 of symptomology and signs (tear instability assessed by non-invasive tear breakup 
time, hyperosmolarity or ocular surface damage assessed by staining) have reported a prevalence rate of 29 to 
74 %.9, 10

Hence, the high prevalence of dry eye reports in those that use digital screens could simply result from the high 
levels of DED in the general population. However, a series of recent papers from both our research group9, 

11 and others12-14 have found digital device use to be a risk factor for DED, particularly during the COVID-19 
pandemic.15-18 There remains an absence of literature exploring digital display-induced ocular symptomology5 or 
those whose symptoms have been assessed as increasing with the use of digital screens, rather than dry eyes in 
those that use digital displays, although the condition of digital eye fatigue/syndrome is well described with some 
symptoms, such as ocular discomfort and eye dryness and tiredness being similar to those of dry eye conditions.3, 

4, 19-21 A recent review by Al-Mohtaseb et al. has examined the relationship between DED and digital screen use, 
a summary of which, by one of the paper’s authors, Bridgitte Shen Lee, is available as the feature article of this 
issue.

An increased risk of dry eye with digital screen use appears to be associated with evaporative rather than 
aqueous deficiency DED,9 and it has long been noted that the blink rate reduces substantially with digital screen 
use.5, 22 However, direct comparisons of a reading task of printed hard copy with the same task matched for size, 
contrast, luminance and viewing angle on a digital screen have found no difference in blink rate.23, 24 Contrary to 
this, Benedetto and colleagues examined an e-reader, liquid crystal display (LCD) tablet and printed copy, and 
while there was a significantly lower blink rate during reading for 1 hour from an LCD tablet device compared 
to printed text (despite a similar setup, including distance, page size, font size and number of words per page), 
reading from the e-reader had a similar blink rate to printed text.25 This suggests luminance and contrast/image 

Professor James Wolffsohn BSc MBA PhD is the head of the School of Optometry at 
Aston University, where he has also held positions of Deputy College Dean of Life 
and Health Sciences and associate Pro-Vice Chancellor.

November 12, 2021

http://contactlensupdate.com/2021/11/12/the-relationship-between-dry-eye-disease-and-digital-screen-use/


p.2

Dry Eye, Blinking and Digital Device Use

quality may play a key role in blink rate when using digital devices.

Incomplete blinking seems to be a more important driver of symptoms when using digital displays than simply 
blink rate. 23, 24, 26-29 Blinking is part of the production (expressing the glands), distribution (spreading the tears 
across the ocular surface) and excretion (by creating alternate positive and negative pressures in the lacrimal 
sac) of the tear film and hence partial blinking will very likely disrupt the homeostasis of this delicate layer. 30, 31

The impact of digital device-induced symptoms is less well documented than the effect of DED, although an 
impact on education, career choice and workplace productivity has been postulated. 3 The change to more on-line 
schooling due to the COVID-19 pandemic has resulted in high numbers reporting digital device related symptoms 
(93 %), although symptoms prior to the increase in digital device use was not assessed.32 Another study found 
a similar rate of symptoms (96 %) during a COVID-19 increase in computer use (an increase of 4.8 ± 2.8 hours / 
day), with 57 % reporting an increase in these symptoms since before the pandemic restrictions.33

Most concerning is the possibility that increased use of digital displays may cause damage to the meibomian 
glands, with long term consequences on tear production and symptomology.34 Abnormal blinking may cause 
chronic changes in the meibomian glands, altering secretion due to less frequent expression, raising the 
likelihood of gland blockage, possibly resulting in longer term inflammation and increasing internal pressure 
causing damage to the internal structures, reducing the outflow of meibum.35 Hence, it has been proposed that 
blinking abnormalities, such as reduced blink rate and incomplete eye closure, associated with digital display 
device use may lead to a high incidence of meibomian gland dysfunction in users. 36 It has been found that people 
who exhibit incomplete blinking have greater levels of meibomian gland dropout, along with a less optimal tear 
film lipid layer thickness, tear film stability and meibum quality / expressibility, which predisposed them to the 
development of evaporative DED.37 Another study found that greater than 4 hour / day of digital device use was 
associated with greater lid margin abnormalities, meibomian gland dropout and altered meibum expression.38 The 
relevance of this association being applicable to a wide range of patients is illustrated well by the fact that 44% of 
US children are already using digital devices for more than four hours a day.39

Hence, proactive monitoring of the meibomian glands from early in life and more research into their prophylactic 
management is warranted to prevent a surge in DED affecting the quality of life and productivity of individuals 
later in life. This is particularly relevant for younger individuals,40 as teenagers and young children are now 
extensive users of digital devices, and the chronic, progressive nature of DED may mean that developing dry 
eyes at an early age could lead to extensive dry eye complications in later life. An example of this is illustrated in 
Leslie O’Dell’s clinical insight in this issue of Contact Lens Update, where she shares her experience of managing 
a nine-year-old with significant meibomian gland changes.

Take Home Points

1. Digital device use is common among adults and children

2. Hours of use, for work, education, social media and leisure activities are increasing over time

3. It is common for multiple devices to be used over the course of the day and, among young people, 
concurrently

4. Digital device use is a risk factor for DED

5. Pay attention to incomplete blinks as a main driver of symptoms rather than overall blink rate

6. Be aware of an association between digital device use and alterations in meibomian gland function

7. Assess for, and manage, early meibomian gland changes

http://contactlensupdate.com/2021/11/12/case-study-mgd-in-a-nine-year-old-child/


p.3

Dry Eye, Blinking and Digital Device Use

REFERENCES:

1. Anderson M, Jiang J. Teens, social media & technology 2018. Pew Research Center 2018; https://www.pewresearch.org/internet/wp-
content/uploads/sites/9/2018/05/PI_2018.05.31_TeensTech_FINAL.pdf.

2. The Vision Council. Eyes overexposed: the digital device dilemma. 2016 digital eye strain report 2016; available from https://www.
thevisioncouncil.org/.

3. Sheppard AL, Wolffsohn JS. Digital eye strain: prevalence, measurement and amelioration. BMJ Open Ophthalmol 2018; 3;1: 
e000146.

4. Coles-Brennan C, Sulley A, et al. Management of digital eye strain. Clin Exp Optom 2019; 102;1: 18-29.

5. Talens-Estarelles C, Garcia-Marques JV, et al. Use of digital displays and ocular surface alterations: A review. Ocul Surf 2021; 19: 
252-265.

6. Courtin R, Pereira B, et al. Prevalence of dry eye disease in visual display terminal workers: a systematic review and meta-analysis. 
BMJ Open 2016; 6;1: e009675.

7. Stapleton F, Alves M, et al. TFOS DEWS II Epidemiology Report. Ocul Surf 2017; 15;3: 334-365.

8. Wolffsohn JS, Arita R, et al. TFOS DEWS II Diagnostic Methodology report. Ocul Surf 2017; 15;3: 539-574.

9. Wang MTM, Muntz A, et al. Modifiable lifestyle risk factors for dry eye disease. Cont Lens Anterior Eye 2021; 101409.

10. Craig JP, Lim J, et al. Ethnic differences between the Asian and Caucasian ocular surface: A co-located adult migrant population 
cohort study. Ocul Surf 2019; 17;1: 83-88.

11. Wolffsohn JS, Wang MTM, et al. Demographic and lifestyle risk factors of dry eye disease subtypes: A cross-sectional study. Ocul 
Surf 2021; 21: 58-63.

12. Chatterjee S, Agrawal D, et al. Prevalence of symptoms of dry eye disease in an urban Indian population. Indian J Ophthalmol 2021; 
69;5: 1061-1066.

13. Inomata T, Iwagami M, et al. Characteristics and Risk Factors Associated With Diagnosed and Undiagnosed Symptomatic Dry Eye 
Using a Smartphone Application. JAMA Ophthalmol 2020; 138;1: 58-68.

14. Jain AK, Pandey DJI. Assessment of the Impact of Varying Durations of Computer Usage on Dry Eye Parameters in Employees of a 
Tertiary Care Teaching Hospital of Uttar Pradesh, India. Journal of Clinical and Diagnostic Research 2020; 14;7: NC01-NC05.

15. Almarzouki N, Faisal K, et al. Digital Eye Strain During COVID-19 Lockdown in Jeddah, Saudi Arabia. Journal of Contemporary 
Medical Sciences 2021;1: 40-45.

16. Mohan A, Sen P, et al. Prevalence and risk factor assessment of digital eye strain among children using online e-learning during the 
COVID-19 pandemic: Digital eye strain among kids (DESK study-1). Indian J Ophthalmol 2021; 69;1: 140-144.

17. Usgaonkar U, Shet Parkar SR, et al. Impact of the use of digital devices on eyes during the lockdown period of COVID-19 pandemic. 
Indian J Ophthalmol 2021; 69;7: 1901-1906.

18. Talens-Estarelles C, Garcia-Marques JV, et al. Online vs In-person Education: Evaluating the Potential Influence of Teaching 
Modality on Dry Eye Symptoms and Risk Factors During the COVID-19 Pandemic. Eye Contact Lens 2021; 47;10: 565-572.

19. Meyer D, Huenink S, et al. Symptoms associated with eye fatigue in soft contact lens wearers. Optom Vis Sci 2015; 92: e-abstract 
150049.

20. Hall L, Coles-Brennan C. Digital eye strain: More screen time = more digital eye strain. Contact Lens Spectrum 2015; 30;6: 38-40.

21. Jones L, Ng A, et al. Keeping up with ocular fatigue in the digital era. Contact Lens Spectrum 2016; 31;6: Supplement.

22. Schulze M. Blink mechanics: Why it matters. Rev Cornea & Contact Lenses 2020;Jan/Feb:  https://www.reviewofcontactlenses.com/
article/blink-mechanics-why-it-matters.

23. Chu CA, Rosenfield M, et al. Blink patterns: reading from a computer screen versus hard copy. Optom Vis Sci 2014; 91;3: 297-302.

24. Rosenfield M, Jahan S, et al. Cognitive demand, digital screens and blink rate. Comput Hum Behav 2015; 51: 403-406.

25. Benedetto S, Drai-Zerbib V, et al. E-readers and visual fatigue. PLoS One 2013; 8;12: e83676.

26. Chu CA, Rosenfield M, et al. Computer Vision Syndrome: Blink Rate and Dry Eye During Hard Copy or Computer Viewing. Investig 
Ophthalmol Vis Sci 2010; 51: 957.

27. Portello JK, Rosenfield M, et al. Blink rate, incomplete blinks and computer vision syndrome. Optom Vis Sci 2013; 90;5: 482-7.

28. Argiles M, Cardona G, et al. Blink Rate and Incomplete Blinks in Six Different Controlled Hard-Copy and Electronic Reading 
Conditions. Invest Ophthalmol Vis Sci 2015; 56;11: 6679-85.

http://www.pewresearch.org/internet/wp-content/uploads/sites/9/2018/05/PI_2018.05.31_TeensTech_FINAL.pdf
http://www.pewresearch.org/internet/wp-content/uploads/sites/9/2018/05/PI_2018.05.31_TeensTech_FINAL.pdf
http://thevisioncouncil.org/
http://thevisioncouncil.org/
http://www.reviewofcontactlenses.com/article/blink-mechanics-why-it-matters
http://www.reviewofcontactlenses.com/article/blink-mechanics-why-it-matters


p.4

Dry Eye, Blinking and Digital Device Use

29. Golebiowski B, Long J, et al. Smartphone Use and Effects on Tear Film, Blinking and Binocular Vision. Curr Eye Res 2020; 45;4: 
428-434.

30. McMonnies CW. Incomplete blinking: exposure keratopathy, lid wiper epitheliopathy, dry eye, refractive surgery, and dry contact 
lenses. Cont Lens Anterior Eye 2007; 30;1: 37-51.

31. Tsubota K. Tear dynamics and dry eye. Prog Retin Eye Res 1998; 17;4: 565-96.

32. Gupta R, Chauhan L, et al. Impact of E-Schooling on Digital Eye Strain in Coronavirus Disease Era: A Survey of 654 Students. J 
Curr Ophthalmol 2021; 33;2:  158-164.

33. Bahkir FA, Grandee SS. Impact of the COVID-19 lockdown on digital device-related ocular health. Indian J Ophthalmol 2020; 68;11: 
2378-2383.

34. Bilkhu P, Vidal-Rohr M, et al. Effect of meibomian gland morphology on functionality with applied treatment. Cont Lens Anterior Eye 
2021; 101402.

35. Wan T, Jin X, et al. Incomplete Blinking May Attribute to the Development of Meibomian Gland Dysfunction. Curr Eye Res 2016; 
41;2: 179-85.

36. Blehm C, Vishnu S, et al. Computer vision syndrome: a review. Surv Ophthalmol 2005; 50;3:  253-62.

37. Wang MTM, Tien L, et al. Impact of blinking on ocular surface and tear film parameters. Ocul Surf 2018; 16;4: 424-429.

38. Wu H, Wang Y, et al. Meibomian gland dysfunction determines the severity of the dry eye conditions in visual display terminal 
workers. PLoS One 2014; 9;8: e105575.

39. IPSOS. Parents try to limit children’s screen time as it increases during pandemic. 2020 https://www.ipsos.com/sites/default/files/ct/
news/documents/2020-07/gmac-topline-eye-health-070820.pdf.

40. Al-Mohtaseb Z, Schachter S, et al. The Relationship Between Dry Eye Disease and Digital Screen Use.Clin Ophthalmol 2021; 15: 
3811-3820.

http://www.ipsos.com/sites/default/files/ct/news/documents/2020-07/gmac-topline-eye-health-070820.pdf
http://www.ipsos.com/sites/default/files/ct/news/documents/2020-07/gmac-topline-eye-health-070820.pdf

