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ABSTRACT
Introduction: In today’s world, we know how important it is to keep healthy habits because

many diseases begin with daily lifestyle choices. Dry eye disease is a disease of the ocular



surface and there are many risk factors, that lead to developing this disorder. As the possible
factors we can underline deficiency of vitamin D or Omega-3 fatty acids, lack of physical
exercise, long screen time, or smoking tobacco.

Aim of the study: This review seeks to highlight the issue of dry eye disease linked to
everyday routines by examining clinical trial outcomes. Furthermore, it offers an analysis of
potential strategies to prevent ocular alterations by critically evaluating the existing data.

State of knowledge: The listed lifestyle choices cause a higher risk of developing dry eye
disease and affect ocular health on many levels, leading to unpleasant feelings and affecting
people’s lives. However, with some lifestyle changes, the risk of developing this disease can
be decreased, and negative symptoms can be minimized. It is important to remember vitamin
D, and Omega-3 supplementation, daily physical activity, minimalization of the time spent in
front of the visual display terminals, and quitting smoking.

Conclusions: Many daily habits are connected to developing dry eye disease, and it is very
important to remember about the small daily changes, which can decrease the risk of the

disease.

KEYWORDS: dry eye disease; Omega-3 fatty acids; physical activity; screen-time; smoking

tobacco; vitamin D deficiency

INTRODUCTION

Nowadays, we know more and more how important is to maintain balance in our lives and
how our daily choices affect our health. Many disorders have their beginning points in our
daily habits (1). The main risk factors are smoking tobacco, poor nutrition, a sedentary
lifestyle, and alcohol consumption (1). One of the diseases that can be initiated by these risk
factors is dry eye disease.

Dry eye disease (DED) is a common condition that affects people all around the world. It is a
chronic disorder, that affects the ocular surface due to disturbances in tear production and/or
evaporation. It is assisted by elevated osmolarity and inflammation and leads to the
demonstration of discomfort, visual impairment, and even probable destruction of the ocular
surface (2). DED is caused by many factors and cannot be described by one single process,
sign, or symptom (3). The prevalence of this disorder is increasing with age, starting from

2.7% among people aged 18-34 years up to 18.6% in elderly people (>75 years), or even up to



75%, depending on the criteria (4, 5). The main symptoms of DED, which cause discomfort
for patients are nonspecific and include itching, burning, the perception of a foreign particle
within the ocular cavity, increased lacrimation, mucous adhesion affecting the eyelids, ocular
pain, and palpebral inflammation (6). The diagnosis of DED is based on the signs and
symptoms. There are two established assessments for the detection of dry eye the Dry Eye
Questionnaire 5 and the Ocular Surface Disease Index questionnaire (OSDI) (7).

In this review, we would like to present the risk factors of DED, mostly the ones connected to
our lifestyle, and propose some changes, which are beneficial for our ocular surfaces.
Material and methods

In this narrative review, search terms including "dry eye disease", "vitamin D deficiency",

"Omega 3 fatty acids", "physical activity", "visual display terminals", and “smoking tobacco”
were utilized to explore the PubMed and Google Scholar databases. The literature search was
performed from February 27th, 2024, through March 10th, 2024. The scope was limited to
original research articles published in either Polish or English that reported on the findings of
clinical trials. The selection criteria for inclusion in the review were relevant to the topic as
determined by the authors. Studies not pertinent to the discussion were excluded. All articles
that satisfied the criteria set out for this review were included in the “result” segment. To

guide the construction of this narrative review, the SANRA scale for assessing the quality of

narrative review articles was applied.

ANALYSIS OF THE LITREATURE

RISK FACTORS OF DRY EYE DISEASE

Several studies have linked many risk factors to dry eye disease, and include different
categories as personal, other disorders, used medications, ocular factors, and environmental (5,
8, 9). The category of personal risk factors contains modifiable and unmodifiable factors, as
age (risk increases with advanced age), sex (women are more predisposed to develop DED,
due to hormonal changes after menopause), Asian ethnicity and prolonged use of contact
lenses (5, 9). The diseases which may predispose to developing DED include many
autoimmune disorders, such as Sjogren syndrome, rheumatoid arthritis, sarcoidosis.
Additionally, thyroid abnormalities, diabetes, rosacea, allergies, and Demodex mite
conjunctivitis are linked to a higher risk of DED (5). Also, Parkinson’s Disease (PD) might
predispose to DED, because of a highly decreased number of blinks (normally 16-18

times/minute, patients with PD 1-2 times/minute) (10). Some of the medications used daily by



patients are also linked to developing DED, such as beta-blockers, diuretics, antihistamines,
anxiolytics, tricyclic antidepressants, selective serotonin reuptake inhibitors, oral
contraceptives, and oral isotretinoin (8). To the environmental factors we can include
environments of low humidity, strong wind, exposure to extended screen time, and many

factors defined as lifestyle (5).

LIFESTYLE CHANGES

DIET

In the modern world, it is hard to maintain a healthy diet and remember to supplement all of
the necessary macro- and microelements and other beneficial substances. The deficiency of

some of them might predispose to developing DED.

VITAMIN D

According to various studies, there is growing evidence suggesting a potential connection
between vitamin D and dry eye disease. Several studies have investigated the association
between serum vitamin D levels and dry eye symptoms, as well as the impact of oral vitamin
D supplementation (11-17). Recent research has also focused on the potential mechanisms
underlying the link between vitamin D and dry eye disease. It has been suggested that vitamin
D may play a role in modulating the immune response and reducing inflammation on the
ocular surface (12, 18). Another study conducted in Australia investigated the association
between vitamin D levels and dry eye symptoms in older adults, which found that lower
levels of vitamin D were associated with dry eye. Additionally, the study examined the impact
of oral vitamin D supplementation on dry eye symptoms and ocular surface conditions. The
results showed that oral vitamin D supplementation led to an increase in vitamin D levels and
a significant improvement in dry eye symptoms and ocular surface conditions (19). These
findings were also observed in other studies (20-22). provide further evidence for the
potential therapeutic role of vitamin D in managing dry eye disease. While multiple studies
have shown a potential connection between low levels of vitamin D and dry eye disease, it is
important to note that not all research has demonstrated a correlation between the two (23, 24).
A study conducted in Korea evaluated the association between serum vitamin D levels and
dry eye disease using the Ocular Surface Disease Index questionnaire. The study included
data from adult participants, and the severity of dry eye disease was assessed based on

symptom frequency and severity. The results of this study showed no evidence of a



connection between DED and vitamin D levels (23). These results were also noted in another
research (24).

Further investigation is needed to understand the precise mechanisms involved in the
correlation between vitamin D and dry eye disease, as well as to establish the most effective
dosage and duration of vitamin D supplementation for individuals experiencing dry eye
symptoms. Moreover, more extensive clinical trials are necessary to confirm the effectiveness

of using vitamin D supplementation as a standard treatment for managing dry eye disease.

OMEGA -3

Multiple studies have investigated the potential benefits of omega-3 fatty acid
supplementation in relieving symptoms associated with dry eye disease (25-33). Omega-3
fatty acids are essential nutrients that play a crucial role in maintaining the health of the ocular
surface, including the tear film and conjunctival tissue (25). One of the key connections
between omega-3 fatty acid supplementation and dry eye disease lies in the potential of
omega-3 fatty acids to have anti-inflammatory properties, which may help alleviate the
underlying inflammation associated with dry eye disease (34-37). The mechanism of action
involves the modulation of inflammatory mediators, such as cytokines and prostaglandins,
ultimately leading to a reduction in ocular surface inflammation (34, 36). This modulation can
potentially reduce the severity of dry eye symptoms and improve tear film stability (36).
Moreover, one of the research suggests that omega-3 fatty acids may also play a
neuroprotective role in ocular changes associated with dry eye disease. These fatty acids have
been shown to possess anti-inflammatory properties, which can help protect the neurological
components of the eye and contribute to overall ocular health (37). Furthermore, the
protective effects of omega-3 fatty acids on the Meibomian glands, which produce the lipid
component of the tear film, have also been proposed as a contributory factor to their efficacy
in managing dry eye disease (26, 32, 34, 38). In a study conducted by Deinema et al.,
participants with dry eye disease who received omega-3 fatty acid supplements experienced a
significant decrease in ocular surface inflammation and an improvement in tear film stability.
Similarly, the research by Kangari et al. found that omega-3 supplementation led to a decrease
in the severity of dry eye symptoms and an increase in tear production (33, 34).

However, it is crucial to acknowledge that some studies have not demonstrated a substantial
connection between the use of omega-3 supplements and dry eye disease (39-43). For

instance, a multi-center clinical investigation carried out by the DREAM study group did not



observe a notable disparity in the average shift in symptoms between the cohort receiving
omega-3 supplementation and the control group (40, 43).

Nevertheless, the majority of evidence suggests that low levels of omega-3 fatty acids in the
diet may indeed be a risk factor for dry eye disease and that supplementation with omega-3
fatty acids can potentially improve symptoms and reduce inflammation associated with the
condition (25-27).

Moving forward, future research should aim to address these complexities by standardizing
study protocols and exploring the optimal dosage and formulation of omega-3 fatty acids.
Additionally, long-term studies are needed to evaluate the sustained effects of omega-3

supplementation on dry eye symptoms and ocular health.

DAILY ACTIVITIES

PHYSICAL ACTIVITY

Studies have shown that physical activity can have a significant impact on the ocular surface.
Researchers have found a connection between low levels of physical activity and dry eye
disease (44-50). According to a study conducted by Kawashima et al., there is a positive
association between DED and physical activity (45). Evidence suggests that physical
inactivity and sedentary behavior can lead to various chronic disorders, including systemic
inflammation-related diseases. The potential mechanisms behind this association could be
linked to the anti-inflammatory effects of exercise, as well as the improvement in systemic
circulation and blood flow to the ocular tissues (51, 52). Moreover, regular physical activity is
also known to promote better tear production and distribution, which are essential for
maintaining a healthy ocular surface (51, 53, 54). The increase in blinking frequency during
physical activity may also contribute to better lubrication of the eyes, reducing the symptoms
of dryness and discomfort (55). In addition to the physiological benefits, engaging in regular
physical activity can also have a positive impact on mental well-being, which in turn may
help reduce the perception of ocular discomfort and fatigue associated with dry eye disease
(48). However, not all studies have shown a clear correlation between physical activity and
dry eye disease. A study conducted by Cheng et al. did not find a significant relationship
between exercise frequency and dry eyes (56). It is important to note that the screens’
brightness and the angle at which one looks at a screen may be contributing factors to most

vision symptoms (56).



Overall, the existing literature suggests a link between physical activity and the prevention or
reduction of DED. Encouraging individuals to adopt an active lifestyle and engage in regular
exercise may not only improve their overall health but also contribute to the management of

dry eye symptoms.

INDOOR WORK WITH VISUAL DISPLAY TERMINALS

The usage of visual display terminals (VDTs) has become increasingly prevalent in today's
society, with many individuals relying on computers, smartphones, and other digital devices
for work, communication, and entertainment (57). The use of visual display terminals has
been identified as a potential risk factor for dry eye disease. The extensive use of VDTs in
modern society has raised concerns about their potential effects on ocular health, specifically
dry eye disease (49, 57-61). One of the main ways in which the use of visual display terminals
is connected to the ocular surface is through reduced blink rate (62-65). Portello et al.
conducted a study on VDT users and found that the blink frequency was reduced to one-third
of non-VDT users, which indicates a significant decrease in blink rate (66). This reduced
blink rate can lead to incomplete blinks, characterized by a decrease in the complete closure
of the eyelids during blinking. It has been observed that incomplete blinks lead to tear film
instability promoting dry eye disease (5, 65, 67). Moreover, prolonged use of visual display
terminals can also result in decreased tear production (61, 68). Recent studies have also
highlighted the impact of blue light emitted from visual display terminals on ocular health.
However, the empirical evidence regarding the correlation between DED and blue light
exposure remains indeterminate, with no in vivo studies to date definitively establishing such
an association (69). Furthermore, the efficacy of employing blue-blocking filters as a
preventive measure has not been sufficiently validated by current research (70). This
disruption may contribute to the development and progression of dry eye disease. Furthermore,
the close viewing distance and prolonged screen time associated with visual display terminal
use can lead to increased evaporation of the tear film, exacerbating dry eye symptoms (68).
The scientific community remains divided regarding the effects of prolonged electronic
device usage on lacrimal gland activity (71). While certain investigations propose that
extended screen exposure may precipitate a deficiency in aqueous tear production, others
report no significant alterations in lacrimal gland functionality (61, 67).

On the other hand, while it's acknowledged that prolonged screen time can lead to increased

eye fatigue and decreased blink rate, there is a lack of consensus on whether these factors



directly result in the development or exacerbation of dry eye disease. Some argue that the
discomfort experienced during and after VDT use may be temporary and not necessarily
indicative of a chronic condition like dry eye disease (72).

Overall, the literature suggests that there is a potential connection between the use of visual
display terminals and dry eye disease. However, more research is needed to establish a

conclusive link and to determine the extent of VDT use as a risk factor for dry eye disease.

LOCAL ENVIRONMENT

SMOKING TOBACCO

One lifestyle choice that has been studied in relation to dry eye disease is smoking tobacco.
Smoking has been shown to have detrimental effects on various aspects of ocular health,
including the ocular surface (73-76). According to a study conducted among university
students, it was found that smoking is associated with a decrease in tear film stability and an
increase in punctate staining of the cornea (77). Based on a study conducted by Yu et al., a
total of 168 smokers of the medium age of 58 and gender-matched non-smokers were
evaluated for ocular surface changes. The study found that smokers had significantly higher
OSDI scores, indicating more severe symptoms of ocular surface disease compared to non-
smokers (78). Another study conducted by Khalil et al. supported these findings, showing that
smokers had significantly lower tear film break-up time and higher irritation levels compared
to non-smokers (73). These suggest that smoking tobacco may be a risk factor for the
development of dry eye disease. Moreover, some research studies have indicated a link
between dry eye disease and smoking, as smoking has the potential to harm the Meibomian
glands. This harm could result in changes to the tear film and play a role in the onset of
symptoms associated with dry eyes (79, 80). As the studies show, smoking might affect ocular
health on many levels, which leads to developing DED.

However, it is important to acknowledge that not all studies have consistently found this
correlation. According to a larger cross-sectional study conducted by Vehof et al., there was
no statistically significant relationship between current smoking and the risk of dry eye.
Additionally, the study has shown that current smokers have less probability of dry eye.
However, the ex-smoking might lead to a higher risk of developing symptoms of DED (81).
In conclusion, there is substantial evidence suggesting a connection between smoking tobacco
and dry eye disease, but further research is needed to fully understand the relationship

between smoking and dry eye disease.



PREVENTIVE MEASURES

As we know what are the risk factors of developing DED, we can undertake some actions to
prevent the disease, especially among people with some additional conditions. We want to
present some of the preventive measures.

According to the published studies, including supplementation of vitamin D, and Omega-3
fatty acids can reduce the risk of dry eye disease and improve symptoms. It is observed that a
moderate daily intake of both types of fatty acids, eicosapentaenoic acid (EPA) — 1000mg and
docosahexaenoic acid (DHA) — 500 mg can result in increased tear stability, which alleviates
the symptoms of DED (34). Additionally, the use of topical eye drops of Omega-3 has a
beneficial effect on decreasing disruptive signs and symptoms (82, 83). The usual daily
supplementation with vitamin D (2000 IU) leads to reducing tear instability and decreases the
symptoms of DED (21). Moreover, intramuscular injection of a high dose (500000 IU)
improves the eye parameters and alleviates the symptoms (20).

Additionally, it is important to remember that daily physical activity alleviates the ocular
symptoms, and also symptoms from other systems (45). It is not said how many hours should
be spent on physical activity, but the studies have shown that it is important to maintain an
aerobic workout and that duration might be essential (46, 54).

Furthermore, it is necessary to remember about some rules during the time in front of VDTs.
Firstly, to keep the right viewing distance around 30 centimeters for smartphones, and 40-75
centimeters for larger devices (84, 85). Incorporating breaks into VDT work can protect
against dry eye (86). One common suggestion is the 20-20-20 rule: every 20 minutes, pause to
look at a distance of at least 20 feet for 20 seconds (87). Moreover, blinking exercises can

improve the quality of tear film, which leads to decreased unpleasant feeling of dry eye (88).

CONCLUSIONS

In today’s world, when we know how important is the prevention of diseases, we should
remember about the actions that can be undertaken to keep the health of the ocular surface.
Patients should receive education on how to minimize the risk of developing dry eye disease

and how important is to keep a healthy lifestyle.

10



DISCLOSURE

Author's contribution

Conceptualization, M.Dyr.,; methodology, M.Dyr.; software, A.M., P.M.; check, E.B., UK.,
and C.K.; formal analysis, J.W.; investigation, A.P., resources, K.G.; data curation, M.Dyd.;
writing M.Dyr., A.M., P.M., E.B., UK., C.K.; visualization, J.W.; supervision, M.Dyr.

All authors have read and agreed with the published version of the manuscript.

Funding Statement

No financial support was received by any of the authors for the manuscript preparation.

Conflict of interest

The authors declare no conflict of interest.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Acknowledgments

Not applicable.

Data Availability Statement

Data supporting the results of this study shall, upon appropriate request, be available from the

corresponding author.

REFERENCES
1. Organization WH. Noncommunicable diseases: progress monitor 2022. 2022.
2. The definition and classification of dry eye disease: report of the Definition and

Classification Subcommittee of the International Dry Eye WorkShop (2007). Ocul Surf.
2007;5(2):75-92.

11



3. Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, Joo CK, et al. TFOS DEWS II
Definition and Classification Report. Ocul Surf. 2017;15(3):276-83.

4. Farrand KF, Fridman M, Stillman I, Schaumberg DA. Prevalence of Diagnosed Dry
Eye Disease in the United States Among Adults Aged 18 Years and Older. Am J Ophthalmol.
2017;182:90-8.

5. Stapleton F, Alves M, Bunya VY, Jalbert I, Lekhanont K, Malet F, et al. TFOS DEWS
IT Epidemiology Report. Ocul Surf. 2017;15(3):334-65.

6. Borrelli M, Frings A, Geerling G, Finis D. Gender-Specific Differences in Signs and
Symptoms of Dry Eye Disease. Curr Eye Res. 2021;46(3):294-301.

7. Verjee MA, Brissette AR, Starr CE. Dry Eye Disease: Early Recognition with
Guidance on Management and Treatment for Primary Care Family Physicians. Ophthalmol
Ther. 2020;9(4):877-88.

8. Gomes JAP, Azar DT, Baudouin C, Efron N, Hirayama M, Horwath-Winter J, et al.
TFOS DEWS II iatrogenic report. Ocul Surf. 2017;15(3):511-38.

9. Sullivan DA, Rocha EM, Aragona P, Clayton JA, Ding J, Golebiowski B, et al. TFOS
DEWS II Sex, Gender, and Hormones Report. Ocul Surf. 2017;15(3):284-333.

10. Ekker MS, Janssen S, Seppi K, Poewe W, de Vries NM, Theelen T, et al. Ocular and
visual disorders in Parkinson's disease: Common but frequently overlooked. Parkinsonism
Relat Disord. 2017;40:1-10.

11. Sethu S, Shetty R, Deshpande K, Pahuja N, Chinnappaiah N, Agarwal A, et al.
Correlation between tear fluid and serum vitamin D levels. Eye Vis (Lond). 2016;3(1):22.

12.  Lee V, Rekhi E, Hoh Kam J, Jeffery G. Vitamin D rejuvenates aging eyes by reducing
inflammation, clearing amyloid beta and improving visual function. Neurobiol Aging.
2012;33(10):2382-9.

13.  Kurtul BE, Ozer PA, Aydinli MS. The association of vitamin D deficiency with tear
break-up time and Schirmer testing in non-Sjogren dry eye. Eye (Lond). 2015;29(8):1081-4.
14.  Yildirim P, Garip Y, Karci AA, Guler T. Dry eye in vitamin D deficiency: more than
an incidental association. Int J Rheum Dis. 2016;19(1):49-54.

15. Jin KW, Ro JW, Shin YJ, Hyon JY, Wee WR, Park SG. Correlation of vitamin D
levels with tear film stability and secretion in patients with dry eye syndrome. Acta
Ophthalmol. 2017;95(3):e230-e5.

16. Meng YF, Lu J, Xing Q, Tao JJ, Xiao P. Lower Serum Vitamin D Level Was
Associated with Risk of Dry Eye Syndrome. Med Sci Monit. 2017;23:2211-6.

12



17. Yoon SY, Bae SH, Shin YJ, Park SG, Hwang SH, Hyon JY, et al. Low Serum 25-
Hydroxyvitamin D Levels Are Associated with Dry Eye Syndrome. PLoS One.
2016;11(1):e0147847.

18. Kizilgul M, Kan S, Ozcelik O, Beysel S, Apaydin M, Ucan B, et al. Vitamin D
Replacement Improves Tear Osmolarity in Patients with Vitamin D Deficiency. Semin
Ophthalmol. 2018;33(5):589-94.

19. Yang CH, Albietz J, Harkin DG, Kimlin MG, Schmid KL. Impact of oral vitamin D
supplementation on the ocular surface in people with dry eye and/or low serum vitamin D.
Cont Lens Anterior Eye. 2018;41(1):69-76.

20. Bae SH, Shin YJ, Kim HK, Hyon JY, Wee WR, Park SG. Vitamin D Supplementation
for Patients with Dry Eye Syndrome Refractory to Conventional Treatment. Sci Rep.
2016;6:33083.

21. Watts P, Sahai A, Kumar PR, Shamshad MA, Trivedi GK, Tyagi L. A prospective
study to assess the role of vitamin D individually and in combination with cyclosporine in the
treatment of dry eye in patients with deficient serum 25(OH)D levels. Indian J Ophthalmol.
2020;68(6):1020-6.

22. Najjaran M, Zarei-Ghanavati S, Arjmand Askari E, Eslampoor A, Ziaei M. Effect of
oral vitamin D supplementation on dry eye disease patients with vitamin D deficiency. Clin
Exp Optom. 2023;106(3):257-62.

23. Kim MJ, Hwang HR, Kim YJ, Lee SY, Lee JG, Jeong DW, et al. Association Between
Serum 25-Hydroxyvitamin D Levels and Dry Eye in Korean Adults: A Study Based on
Korean National Health and Nutrition Examination Survey, 2010-2011. Korean J Fam Med.
2017;38(2):81-5.

24, Jeon DH, Yeom H, Yang J, Song JS, Lee HK, Kim HC. Are Serum Vitamin D Levels
Associated With Dry Eye Disease? Results From the Study Group for Environmental Eye
Disease. J Prev Med Public Health. 2017;50(6):369-76.

25.  Bhargava R, Pandey K, Ranjan S, Mehta B, Malik A. Omega-3 fatty acids
supplements for dry eye - Are they effective or ineffective? Indian J Ophthalmol.
2023;71(4):1619-25.

26. Bhargava R, Chandra M, Bansal U, Singh D, Ranjan S, Sharma S. A Randomized
Controlled Trial of Omega 3 Fatty Acids in Rosacea Patients with Dry Eye Symptoms. Curr
Eye Res. 2016;41(10):1274-80.

13



27.  Bhargava R, Kumar P, Phogat H, Kaur A, Kumar M. Oral omega-3 fatty acids
treatment in computer vision syndrome related dry eye. Cont Lens Anterior Eye.
2015;38(3):206-10.

28. Pellegrini M, Senni C, Bernabei F, Cicero AFG, Vagge A, Maestri A, et al. The Role
of Nutrition and Nutritional Supplements in Ocular Surface Diseases. Nutrients. 2020;12(4).
29.  Ng A, Woods J, Jahn T, Jones LW, Sullivan Ritter J. Effect of a Novel Omega-3 and
Omega-6 Fatty Acid Supplement on Dry Eye Disease: A 3-month Randomized Controlled
Trial. Optom Vis Sci. 2022;99(1):67-75.

30.  Jacobi C, Angstmann-Mehr S, Lange A, Kaercher T. A Water-Free Omega-3 Fatty
Acid Eye Drop Formulation for the Treatment of Evaporative Dry Eye Disease: A Prospective,
Multicenter Noninterventional Study. J Ocul Pharmacol Ther. 2022;38(5):348-53.

31.  Bhargava R, Kumar P. Oral omega-3 fatty acid treatment for dry eye in contact lens
wearers. Cornea. 2015;34(4):413-20.

32. JoY]J, Lee JS. Effects of dietary high dose DHA omega-3 supplement in dry eye with
meibomian gland dysfunction. Int J Ophthalmol. 2021;14(11):1700-6.

33. Kangari H, Eftekhari MH, Sardari S, Hashemi H, Salamzadeh J, Ghassemi-Broumand
M, et al. Short-term consumption of oral omega-3 and dry eye syndrome. Ophthalmology.
2013;120(11):2191-6.

34.  Deinema LA, Vingrys AJ, Wong CY, Jackson DC, Chinnery HR, Downie LE. A
Randomized, Double-Masked, Placebo-Controlled Clinical Trial of Two Forms of Omega-3
Supplements for Treating Dry Eye Disease. Ophthalmology. 2017;124(1):43-52.

35. Park J, Yoo YS, Shin E, Han G, Shin K, Lim DH, et al. Effects of the re-esterified
triglyceride (rTG) form of omega-3 supplements on dry eye following cataract surgery. Br J
Ophthalmol. 2021;105(11):1504-9.

36. Walter SD, Gronert K, McClellan AL, Levitt RC, Sarantopoulos KD, Galor A. ®-3
Tear Film Lipids Correlate With Clinical Measures of Dry Eye. Invest Ophthalmol Vis Sci.
2016;57(6):2472-8.

37.  Chinnery HR, Naranjo Golborne C, Downie LE. Omega-3 supplementation is
neuroprotective to corneal nerves in dry eye disease: a pilot study. Ophthalmic Physiol Opt.
2017;37(4):473-81.

38.  Goyal P, Jain AK, Malhotra C. Oral Omega-3 Fatty Acid Supplementation for Laser
In Situ Keratomileusis-Associated Dry Eye. Cornea. 2017;36(2):169-75.

14



39.  Roy NS, YuY, Ying GS, Maguire MG, Asbell PA. Effect of Omega-3 on HLA-DR
Expression by Conjunctival Cells and Tear Cytokine Concentrations in the Dry Eye
Assessment and Management Study. Eye Contact Lens. 2022;48(9):384-90.

40. Asbell PA, Maguire MG, Pistilli M, Ying GS, Szczotka-Flynn LB, Hardten DR, et al.
n-3 Fatty Acid Supplementation for the Treatment of Dry Eye Disease. N Engl J Med.
2018;378(18):1681-90.

41. Christen WG, Cook NR, Manson JE, Buring JE, Lee IM, Bubes V, et al. Efficacy of
Marine ®-3 Fatty Acid Supplementation vs Placebo in Reducing Incidence of Dry Eye
Disease in Healthy US Adults: A Randomized Clinical Trial. JAMA Ophthalmol.
2022;140(7):707-14.

42. Kuklinski EJ, Hom MM, Ying GS, Lin MC, Chapkin RS, Jones R, et al. Associations
Between Systemic Omega-3 Fatty Acid Levels With Moderate-to-Severe Dry Eye Disease
Signs and Symptoms at Baseline in the Dry Eye Assessment and Management Study. Eye
Contact Lens. 2021;47(1):2-7.

43.  Hussain M, Shtein RM, Pistilli M, Maguire MG, Oydanich M, Asbell PA. The Dry
Eye Assessment and Management (DREAM) extension study - A randomized clinical trial of
withdrawal of supplementation with omega-3 fatty acid in patients with dry eye disease. Ocul
Surf. 2020;18(1):47-55.

44, Nguyen L, Magno MS, Utheim TP, Hammond CJ, Vehof J. The relationship between
sedentary behavior and dry eye disease. Ocul Surf. 2023;28:11-7.

45. Kawashima M, Uchino M, Yokoi N, Uchino Y, Dogru M, Komuro A, et al. The
Association between Dry Eye Disease and Physical Activity as well as Sedentary Behavior:
Results from the Osaka Study. J Ophthalmol. 2014;2014:943786.

46. Sun C, Chen X, Huang Y, Zou H, Fan W, Yang M, et al. Effects of aerobic exercise
on tear secretion and tear film stability in dry eye patients. BMC Ophthalmol. 2022;22(1):9.
47. Kawashima M, Sano K, Takechi S, Tsubota K. Impact of lifestyle intervention on dry
eye disease in office workers: a randomized controlled trial. J Occup Health. 2018;60(4):281-
8.

48. Sano K, Kawashima M, Takechi S, Mimura M, Tsubota K. Exercise program
improved subjective dry eye symptoms for office workers. Clin Ophthalmol. 2018;12:307-11.
49, Hanyuda A, Sawada N, Uchino M, Kawashima M, Yuki K, Tsubota K, et al. Physical
inactivity, prolonged sedentary behaviors, and use of visual display terminals as potential risk

factors for dry eye disease: JPHC-NEXT study. Ocul Surf. 2020;18(1):56-63.

15



50. Choi HR, Kim NH, Lee JM, Choi DP, Seo Y, Cho WK, et al. Risk Factors Influencing
the Occurrence and Severity of Symptomatic Dry Eye Syndrome: A Cross-sectional Study.
Ophthalmic Epidemiol. 2021;28(6):488-94.

51. LiH, Li F, Zhou R, Gao K, Liang L, Zhang X. Aerobic Exercise Increases Tear
Secretion and Decreases Inflammatory Cytokines in Healthy Subjects. Asia Pac J Ophthalmol
(Phila). 2020;9(5):404-11.

52. Peart DJ, Walshe IH, Sweeney EL, James E, Henderson T, O'Doherty AF, et al. The
effect of acute exercise on environmentally induced symptoms of dry eye. Physiol Rep.
2020;8(2):e14262.

53. Vera J, Jiménez R, Madinabeitia I, Masiulis N, Cardenas D. A maximal incremental
effort alters tear osmolarity depending on the fitness level in military helicopter pilots. Ocul
Surf. 2017;15(4):795-801.

54. Abokyi S, Mensah SN, Otchere H, Akoto YO, Ntodie M. Differential effect of
maximal incremental treadmill exercise on tear secretion and tear film stability in athletes and
non-athletes. Exp Eye Res. 2022;214:108865.

55. Wylegata A, Sedziak-Marcinek B, Pilch J, Wylggata E. Alteration of Blinking and Sex
Differences During Physical Exercise Affect Tear Osmolarity. ] Hum Kinet. 2019;67:143-51.
56.  Cheng X, Song M, Kong J, Fang X, Ji Y, Zhang M, et al. Influence of Prolonged
Visual Display Terminal Use and Exercise on Physical and Mental Conditions of Internet
Staff in Hangzhou, China. Int J Environ Res Public Health. 2019;16(10).

57.  Nakamura S. Approach to Dry Eye in Video Display Terminal Workers (Basic
Science). Invest Ophthalmol Vis Sci. 2018;59(14):Des130-des7.

58. Cartes C, Segovia C, Salinas-Toro D, Goya C, Alonso MJ, Lopez-Solis R, et al. Dry
Eye and Visual Display Terminal-Related Symptoms among University Students during the
Coronavirus Disease Pandemic. Ophthalmic Epidemiol. 2022;29(3):245-51.

59.  Moon JH, Kim KW, Moon NJ. Smartphone use is a risk factor for pediatric dry eye
disease according to region and age: a case control study. BMC Ophthalmol. 2016;16(1):188.
60. Kim DJ, Lim CY, Gu N, Park CY. Visual Fatigue Induced by Viewing a Tablet
Computer with a High-resolution Display. Korean J Ophthalmol. 2017;31(5):388-93.

61. Uchino M, Yokoi N, Uchino Y, Dogru M, Kawashima M, Komuro A, et al.
Prevalence of dry eye disease and its risk factors in visual display terminal users: the Osaka

study. Am J Ophthalmol. 2013;156(4):759-66.

16



62. Kamey B, Magno M, Ngland ST, Moe MC, Petrovski G, Vehof J, et al. Video display
terminal use and dry eye: preventive measures and future perspectives. Acta Ophthalmol.
2022;100(7):723-39.

63. Cardona G, Gomez M, Quevedo L, Gispets J. Effects of transient blur and VDT screen
luminance changes on eyeblink rate. Cont Lens Anterior Eye. 2014;37(5):363-7.

64.  Ashwini DL, Ve RS, Nosch D, Wilmot N. Efficacy of blink software in improving the
blink rate and dry eye symptoms in visual display terminal users - A single-blinded
randomized control trial. Indian J Ophthalmol. 2021;69(10):2643-8.

65. Argilés M, Cardona G, Pérez-Cabré E, Rodriguez M. Blink Rate and Incomplete
Blinks in Six Different Controlled Hard-Copy and Electronic Reading Conditions. Invest
Ophthalmol Vis Sci. 2015;56(11):6679-85.

66. Portello JK, Rosenfield M, Chu CA. Blink rate, incomplete blinks and computer vision
syndrome. Optom Vis Sci. 2013;90(5):482-7.

67. Yokoi N, Uchino M, Uchino Y, Dogru M, Kawashima M, Komuro A, et al.
Importance of tear film instability in dry eye disease in office workers using visual display
terminals: the Osaka study. Am J Ophthalmol. 2015;159(4):748-54.

68. Choi JH, Li Y, Kim SH, Jin R, Kim YH, Choi W, et al. The influences of smartphone
use on the status of the tear film and ocular surface. PLoS One. 2018;13(10):¢0206541.

69.  Mehra D, Galor A. Digital Screen Use and Dry Eye: A Review. Asia Pac J
Ophthalmol (Phila). 2020;9(6):491-7.

70. Rosenfield M, Li RT, Kirsch NT. A double-blind test of blue-blocking filters on
symptoms of digital eye strain. Work. 2020;65(2):343-8.

71. Fenga C, Aragona P, Cacciola A, Spinella R, Di Nola C, Ferreri F, et al. Meibomian
gland dysfunction and ocular discomfort in video display terminal workers. Eye (Lond).
2008;22(1):91-5.

72. Cortes M, Esposito G, Sacco R, Gillet VB, lanni A, Micera A. NGF and iNOS
Changes in Tears from Video Display Terminal Workers. Curr Eye Res. 2018;43(9):1119-25.
73. Khalil HEM, Aboud SA, Azzab MA. Comparative study between smokers and
nonsmokers regarding dry eye. Delta Journal of Ophthalmology. 2018;19(1):9-13.

74. Masmali AM, Al-Shehri A, Alanazi SA, Abusharaha A, Fagehi R, El-Hiti GA.
Assessment of Tear Film Quality among Smokers Using Tear Ferning Patterns. J Ophthalmol.

2016;2016:8154315.

17



75. Bhutia P, Sen S, Nath T, Shamshad MA. The effect of smoking on ocular surface and
tear film based on clinical examination and optical coherence tomography. Indian J
Ophthalmol. 2021;69(7):1693-6.

76.  Mohidin N, Jaafar AB. Effect of Smoking on Tear Stability and Corneal Surface. J
Curr Ophthalmol. 2020;32(3):232-7.

77. Thomas J, Jacob GP, Abraham L, Noushad B. The effect of smoking on the ocular
surface and the precorneal tear film. Australas Med J. 2012;5(4):221-6.

78.  YuK, Bunya V, Maguire M, Asbell P, Ying GS. Systemic Conditions Associated with
Severity of Dry Eye Signs and Symptoms in the Dry Eye Assessment and Management Study.
Ophthalmology. 2021;128(10):1384-92.

79.  Muhafiz E, Aslan Bayhan S, Bayhan HA, Giirdal C. Effects of chronic smoking on the
meibomian glands. Int Ophthalmol. 2019;39(12):2905-11.

80. Carreira AR, Rodrigues-Barros S, Silva JC, de Almeida MF, Machado I, Cardoso JN,
et al. Tobacco effects on ocular surface, meibomian glands, and corneal epithelium and the
benefits of treatment with a lipid-based lubricant. Graefes Arch Clin Exp Ophthalmol.
2023;261(1):171-84.

81. Vehof J, Snieder H, Jansonius N, Hammond CJ. Prevalence and risk factors of dry eye
in 79,866 participants of the population-based Lifelines cohort study in the Netherlands. Ocul
Surf. 2021;19:83-93.

82.  Paik B, Tong L. Topical Omega-3 Fatty Acids Eyedrops in the Treatment of Dry Eye
and Ocular Surface Disease: A Systematic Review. Int J Mol Sci. 2022;23(21).

83. Kaercher T, Messmer EM, Berninger T, Huber-van der Velden KK, Geiger R,
Cipriano-Bonvin P, et al. Topical Omega-3 Polyunsaturated Fatty Acids for the Treatment of
Dry Eye - Results from a Pilot Randomized Controlled Masked-Observer Study. Clin
Ophthalmol. 2022;16:4021-31.

84. Golebiowski B, Long J, Harrison K, Lee A, Chidi-Egboka N, Asper L. Smartphone
Use and Effects on Tear Film, Blinking and Binocular Vision. Curr Eye Res. 2020;45(4):428-
34.

85. IS0 9241-303:2011 Ergonomics of human-system interaction — Part 303:
Requirements for electronic visual displays. 2011. 2011.

86. Ye Z, Abe Y, Kusano Y, Takamura N, Eida K, Takemoto T, et al. The influence of
visual display terminal use on the physical and mental conditions of administrative staff in

Japan. J Physiol Anthropol. 2007;26(2):69-73.

18



87.  Alabdulkader B. Effect of digital device use during COVID-19 on digital eye strain.
Clin Exp Optom. 2021;104(6):698-704.

88.  Kim AD, Muntz A, Lee J, Wang MTM, Craig JP. Therapeutic benefits of blinking
exercises in dry eye disease. Cont Lens Anterior Eye. 2021;44(3):101329.

19



