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Specialist report: Dry eye disease and aging

Dry eye disease (DED) is not typically included 
in the more severe, sight-threatening, eye diseas-
es, but, as an age-related disease, it can cause 
several vision-related symptoms. In particular, 
blurry vision and transient vision during the day 
can negatively affect visual functioning. How-
ever, DED is increasingly being seen as not just 
an age-related disease, since DED symptoms are 
frequently reported by those of working age, and 
especially office workers1,2. This literature survey 
arose from the interest of the authors in the role 
of primary healthcare in the management of 
work-related dry eye.

DED is primarily a disease that affects the quality 
and/or quantity of the pre-ocular tear film. The 
tear film performs several functions for the eye: 
it assists in producing a good optical quality at 
the retina by smoothing the irregular surface of 
the cornea; it lubricates the surface of the eye 
during blinking; it protects the exposed ocular 
surface from environmental risks; it provides nu-
trition and oxygen to the cornea; and it supplies 
immune system proteins as part of the ocular 
defenses against infection. The lubricating ac-
tion of the tear film assists in maintaining ocular 
comfort during and after blinking, and helps to 

remove foreign bodies and infective agents from 
the pre-ocular tear film as part of the first line 
defence3. Any interference in the relationship 
between the tear film and the ocular surface, 
such as increased tear evaporation or a reduced 
blink-rate, has an impact on the performance of 
these roles, and will lead to ocular surface dam-
age and symptoms, such as discomfort, visual 
disturbance or tearing of the eye4. These causes 
and consequences have been grouped together 
under a broad definition of ‘dry eye disease’.

The recently published Dry Eye Workshop II re-
port (DEWS II) has defined DED as: ”Dry eye is a 
multifactorial disease of the ocular surface char-
acterized by a loss of homeostasis of the tear film, 
and accompanied by ocular symptoms, in which 
tear film instability and hyper-osmolarity, ocular 
surface inflammation and damage, and neuro-
sensory abnormalities play etiological roles”5.

This definition focuses on tear film abnormalities 
but does include neuro-sensory abnormalities, 
which reflects that DED is often a symptoms-
based disease, (referred to as ocular symptoms), 
but the impact of these symptoms on the qual-
ity of daily life is poorly recognized. Symptoms 

Mirjam M.A. van Tilborg PhD MSc BOptoma,b,*

Helianthe S.M. Kort PhD MSca,c

Paul J. Murphy PhD MBA BScb,d

aResearch Center Health and Sustainability, Utrecht University of Applied Sciences, Utrecht, 
the Netherlands; bSchool of Optometry and Vision Sciences, Cardiff University, Cardiff, Unit-
ed Kingdom; cDepartment of the Built Environment, Eindhoven University of Technology, 
Eindhoven, the Netherlands; dSchool of Optometry and Vision Science, University of Water-
loo, Ontario, Canada; *Corresponding author: mirjam.vantilborg@hu.nl

M.M.A. van Tilborg, H.S.M. Kort, P.J. Murphy. Specialist report: Dry eye disease and aging. 
Gerontechnology 2017;16(4):211-217;  https://doi.org/10.4017/gt.2017.16.4.002.00  The common 
ocular pathologies relating to the aging eye, such as cataract, diabetic retinopathy, glau-
coma, or macular degeneration, are all known to reduce visual functioning. Less well-
known is the effect of common, age-related dry eye disease (DED). The impact of DED on 
daily activities can be intense, especially with reduced visual functioning, for example, 
an inability to watch television, or read from a tablet or smartphone screen. As a result 
of reduced visual functioning, DED is particularly problematic for ageing office-workers. 
Moreover, office work involving computer-use is known to adversely affect the tear film. 
Consequently, with the extension in retirement age in the working population, an increase 
in the incidence and extent of (dry) eye-related problems can be expected. This literature 
paper addresses the impact of age-related DED on visual functioning, the complexity of 
assessing visual functioning in daily activities at home or at work, the development of dry 
eye symptoms with increasing age, and the relationship of these issues with environmen-
tal factors. Special attention is made to the influence of light and light conditions that can 
positively and negatively influence visual functioning.
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of DED have been associated with an adverse 
impact on vision-related quality of life, the per-
formance of daily activities, the ability to work, 
and emotional well-being6.

Estimates for the world-wide prevalence of DED 
give a range from as low as 0.1% to as high as 
33%, but, depending on the environment, popu-
lation group, and the clinical signs assessed, it 
can be as high as 75%7. A particular problem 
when investigating the prevalence of dry eye 
arises from a lack of consensus about what crite-
ria should be used to define the dry eye diagnosis, 
with the result that a prevalence range from 18% 
to over 50% has been reported in the population 
between 40-96 years of age8. Nevertheless, old-
er age and female gender have been clearly iden-
tified as two of the main risk factors for DED9,10.

Schaumberg et al. (2013) showed that older 
women with DED (with an average age of 70 
years) had significantly greater problems with 
their vision than males11. The women were also 
diagnosed with DED earlier than men, and re-
ported a significantly greater impact and worse 
quality of life from their disease. Problems with 
blurred vision, poor vision, and fluctuating/un-
stable vision were reported, which interfered 
with reading, driving at night, watching televi-
sion, and working on a computer1,2,5.

The WHO International Classification of Func-
tioning and Disabilities (ICF) looks at the rela-
tionship between health and symptoms, and 
the influence of environmental factors on daily 
activities and the social participation of individu-
als3,12. Since, within the ICF, age belongs to the 
list of personal factors which might influence 
daily activities and participation, and since age is 
a risk factor for dry eye, an increasing incidence 
of dry eye symptoms can be expected as the re-
tirement age of workers increases4,7,12-14. For the 
Netherlands, where the state retirement age will 
increase to 67 years in 2021, and will be linked 
to life expectancy from 2023, the potential im-
pact of eye-related symptoms and DED on daily 
activities at work should be not under-estimated.

Environmental factors
One difficulty in assessing DED from symptoms 
is the lack of a direct relationship between sub-
jective symptoms and type of DED5,15. In par-
ticular, the pain factor is not well understood. 
Symptoms often vary throughout the day, usu-
ally worsening in the evening6,16,17. Moreover, 
people are spending more time indoors and are 
working in modern, environmentally-controlled, 
office buildings. Since poor air quality has a 
strong relationship to dry eye symptoms, tired-
ness of the eyes and irritation7,18, the quality of 
environmental control is becoming more impor-

tant. Dry eye-related symptoms have also been 
reported, with a significantly higher frequency at 
work than at home (p<0.00) for office workers 
(n=505) working in a modern, visually-demand-
ing office2. Office workers with moderate-severe 
dry eye symptoms have a greater dissatisfaction 
with their workspace environment in an environ-
ment with a compromised indoor air quality2,11. 
A high percentage of these office workers also 
experienced significant negative effects on their 
social activities after work. In a previous study 
reported by this author, optometrists in the Neth-
erlands believed that the influences of the work 
environment and use of a computer were two of 
the main reasons for developing DED2.

The discussion around a healthy environment in 
office buildings is not new. In 1984, the World 
Health Organization (WHO) reported that up 
to 30% of office workers world-wide, working 
in new and re-modelled buildings, complained 
about poor, indoor, air quality12. In popular cul-
ture, this led to the idea of the ‘sick building’. 
However, strictly speaking, the term Sick Build-
ing Syndrome (SBS) is only used when the symp-
toms (divided into mucous membrane symptoms, 
such as eyes, nose, throat and dry skin, and gen-
eral symptoms, like headaches and lethargy) are 
related to the building environment, and which 
disappear after leaving the building19,20.

Humidity, temperature, light conditions and 
acoustics are identified as building-related en-
vironmental factors. In particular, low humidity, 
the presence of an air draft, and high ambient 
temperature are said to be factors with a greater 
influence on the signs and symptoms of dry eye. 
A low relative humidity (RH<40%) and/or an air 
draft (>1.5m/s) can cause a higher evaporation 
rate from the tear film21,22. With ageing individ-
ual workers, who can also have other ocular pa-
thologies, such as blepharitis (an eyelid margin 
disease), these environmental factors can con-
tribute to a reduction in tear stability or produc-
tion. In areas with air pollution, the incidence 
can increase further23. Alex et al. (2013) showed, 
in an experimental setting, that exposure to 
low humidity significantly increased corneal 
and conjunctival fluorescein staining (a clinical 
sign of ocular surface distress) in all participants, 
whether they had healthy eyes or dry eyes24.

It is also known that working in extremely low 
relative humidity produces a higher percentage 
of employees with dehydration25. Walsh et al. 
(2012)26 looked at whole-body hydration and 
dry eye and found that individuals with dry eye 
had sub-optimal hydration of the body, indicat-
ing that hydration should be taken into account 
in the management dry eye. Sub-optimal hydra-
tion is relatively common in the older adults  and 
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is associated with several age-rated diseases27.  
It is known that older adults exhibit decreased 
thirst sensation and reduced fluid intake, and 
this should be taken into account when older 
adults are diagnosed with DED or experience 
dry eye symptoms28.

Also, computer screen-use for more than 6 hours 
per day is linked to a reduced sleep quality (fewer 
hours and more broken nights)29, and sleep dep-
rivation is associated with dry eye symptoms30. A 
suggestion of a relationship between sleep disor-
ders and DED in older people has been reported31.

Visual functioning
In normal ageing, the eye experiences a gradual 
decline in visual acuity, degenerative eye pa-
thologies. These diseases can further negatively 
influence visual acuity, visual field size, contrast 
sensitivity, and dark adaptation. Normal visual 
functioning is important in the lives of adults at 
all ages. However, large studies, such as the Bea-
ver Dam and Blue Mountain Eye studies, have re-
ported a decline in visual acuity in older age32-34. 
Moreover, visual acuity is not the single predictor 
in visual functioning – contrast sensitivity is also 
important, although this measurement is not a 
commonly-performed test in optometry or oph-
thalmology practice. More generally, visual func-
tioning is related to the ability of an individual to 
perform vision-dependent tasks, such as reading, 
computer-work, driving, or watching television35. 
An association between visual function, general 
health and negative social impact for working-age 
individuals has been reported in the literature32.

Daily activities, such as watching television or 
using a computer, could present difficulties for 
those with DED. Several investigators have found 
that reading from a computer screen causes a 
decreased blink-rate, an increased incomplete 
blink rate, tear film instability, and/or significantly 
increased symptoms of blurred vision, compared 
to reading from hard copy36,37. A commonly-used 
term for eye-related problems that occur while 
using a computer is Computer Vision Syndrome 
(CVS), which may include eyestrain, headache, 
ocular discomfort, dry eye, diplopia, and blurred 
vision38. Significant complaints can occur even af-
ter two hours of computer work, and include eye-
related pain and tiredness, blurred vision, itchi-
ness, gritty eyes, photophobia, dry eyes, and tear-
ing eyes16. With more office-work being done in 
a digital environment, it is logical to think of an 
increase in eye-related symptoms among workers 
when performing highly visually-demanding read-
ing tasks, with the use of a computer, laptop, tab-
let or smartphone. In a previous investigation, we 
found that more than two-thirds of office workers 
(n=505) reported experiencing a negative impact 

on functioning due to eye-related problems2.

Visual functioning with DED can be influenced 
by the increased incidence and severity of symp-
toms of blurry vision or transient vision loss since 
the pathologic tear film irregularities can signifi-
cantly affect the light pathway39. A diurnal dif-
ference may be a factor to consider since visual 
functioning has been shown to be reduced in 
the evening and in workers with mild/moderate 
dry eye, perhaps as a result of a compromised 
tear film and increased the damage of the cor-
neal epithelial layer observed in the evening40.

Koh et al. (2017)41 found that an unstable tear 
film caused higher straylight levels and lower 
contrast sensitivity. Since age-related cataract 
already produces difficulties with straylight, the 
combination of DED and cataract may make 
older people especially vulnerable to visual dif-
ficulties in driving at night, reading, or walking.

However, visual acuity measurement alone is 
not specific enough to detect visual problems 
in DED. Contrast sensitivity, higher-order aber-
rations and straylight measurements are better 
methods to investigate the visual disturbance 
that dry eye patients experience. However, these 
measurements are not standard procedures in 
optometric practice. Best-corrected visual acuity 
is considered as the standard for assessing visual 
function. However, using visual acuity as a meas-
ure of visual performance is not correct, due to 
the fact that, most of the time, its measurement is 
performed in a controlled situation, under con-
trolled lighting, with high contrast letters to read 
at a specific distance. In any case, visual acuity is 
not a single measure of visual functioning42.

Light sensitivity
Light sensitivity, or photosensitivity, is a known 
causal factor for headaches and migraine, but 
it is also reported in several eye diseases and is 
strongly related to dry eye43,44. Dry eye patients 
report a difficulty in watching television or to a 
computer screen, but also fluorescent lights are 
reported to evoke photosensitivity45. Light sen-
sitivity is thought to occur due to a pain sensa-
tion in the cornea arising from corneal epithe-
lial inflammation acting on the corneal sensory 
nerves, with osmotic stress as the primary cause 
of corneal epithelial inflammation in DED. Cor-
neal epithelial inflammation, and the inflamma-
tory mediators released from the damaged cor-
neal epithelial cell, initiates a reaction that ends 
in hyperalgesia of the cornea. It has been noted 
that tear evaporation can give a hypersensitivity 
reaction, producing corneal evaporative hyper-
algesia. The term hyperalgesia is used when the 
reaction to a stimulus, which is normally painful, 
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becomes extreme. Either way, the dry eye sensa-
tion becomes a pain sensation46.

Rosenthal et al. (2012) stated that all of the differ-
ent pain mediators are assumed to be involved in 
dry eye. They also felt that long-standing neuro-
pathic pain may be associated with impairment 
of cognitive functions, depression, and anxiety. 
In other research, there are ideas that pre-ex-
isting depression and anxiety can enhance the 
transition of nociceptive pain to a chronic dis-
ease. However, pain is not measurable with the 
standard diagnosing tests for dry eye46,47.

A reduction in visual function, commonly mani-
fested as blurred vision and glare, is difficult to 
measure objectively. In the literature, glare pro-
duced by an external light source can cause dis-
ability glare. Disability glare is defined as glare 
which causes a decrease in visual acuity or con-
trast sensitivity45. In several investigations, contrast 
sensitivity, with and without the presence of glare, 
was found to be significantly decreased in dry eye 
patients compared with non-dry eye subjects45,48. 
Knowledge of both disability and discomfort glare 
(glare that causes symptoms of discomfort, but 
not a reduction in visual acuity), and the possible 
adjustments in the home situation or at the work-
place is needed to combat these glare sources.

Dry eye and certain light conditions could evoke 
a kind of disability glare, and that can develop 
into the more severe, but rare, condition of 
photo-allodynia, which is caused by a chronic 
neurotrophic pain. Allodynia means that there 
is a trigger from a stimulus that normally does 
not evoke pain, leading to a pain response. In 
the literature it is recommended that the under-
lying dry eye is treated aggressively with what-
ever treatments are available: artificial tears, gels, 
steroid drops or other therapeutic intervention, 
scleral lenses, tinted contact lenses, special filter 
glasses, and adjustment of the environment, to 
diminish the response in the eye44.

Light conditions
Visual functioning depends highly on the light-
ing conditions, and the light specifically needed 
could be task-dependent. The parameters for 
standard lighting are, in general, not developed 
for the aging eye or for people who are visually 
impaired. Knowledge of the aging population at 
work and their lighting needs is necessary to en-
able older workers to work in comfort. As the 
mean workforce age is increasing alongside bet-
ter life expectancy, individual needs should be 
addressed more.

A similar problem occurs with the general 
lighting conditions for older adults in nursing 

homes49. In general, the common recommen-
dation is to provide equal daylight, avoid direct 
light to diminish glare, and provide high light-
levels at the workspace.

At home and at work, accessibility to sun-screens, 
avoiding direct light reflections on the computer 
screen/tablet, or an adjustable light at the desk 
or table, could help older adults. In the worst-
case scenario, discomfort glare becomes disabil-
ity glare which causes a reduction in the contrast 
of the retinal image, leading to a reduced ability 
to read text from a computer or tablet screen, or 
even from hard copy.

Considerations
For the aging population, knowledge of the in-
dividual needs for (day) light is necessary. The 
challenge for the healthcare professional is to 
recognize the (eye) symptoms and visual func-
tioning needs of the individual, and to address 
these needs by providing symptom relief, and by 
promoting the best possible ways to function in 
the work environment through adjustment of il-
luminance levels needed during the working day. 
Marmot et al (2006) showed that the impact of 
light, and the ability to adjust for it to match the 
needs of the individual worker, led to a reduction 
in the reporting of SBS symptoms50. Since dry 
eye symptoms may be associated with psycho-
logical and psycho-social factors (stress, depres-
sion, anxiety)47,51, and that (occupational) stress 
lowers the threshold for eye irritation52, there 
may be a negative impact on work productivity53, 
and on perceived happiness in daily activities, as 
a result of increased dry eye symptoms54.

Since DED is principally a symptoms-based 
condition, it is most often diagnosed by a direct 
patient assessment, but this requires a patient/
clinician encounter. Without this, it is likely that 
some sufferers remain undiagnosed55. Even a 
mild/moderate dry eye can have an impact on 
the well-being, daily activities, visual function-
ing or work productivity of a patient56.

The impact of age-related changes of the eye, 
like cataract and DED, on daily activities at work 
should be known by care-givers, relatives, eye-
care professionals, employers, and the occupa-
tional health-care physician. An awareness of 
eye pathology and the individual needs of aging 
adults are needed for care-givers. Technology 
could be of help to test and recognize the needs 
of aging adults regarding their specific needs, for 
example with light sources in the living room or 
adjustable lights for specific tasks. The preven-
tion of work-related dry eye should be a coor-
dinated response by employee, employer, occu-
pational health and safety service, occupational 



2017 Vol. 16, No 4215

D r y  e y e  d i s e a s e  a n d  a g i n g

References
1.	 de Kluizenaar Y, Roda C, Dijkstra NE, Fossati S, 

Mandin C, Mihucz VG, Hanninen O, de Oliveira 
Fernandes E, Silva GV, Carrer P, Bartzis J, Bluys-
sen PM. Building and Environment. Building and 
Environment 2016 Jun 1;102(C):54–63; https://doi.
org/10.1016/j.buildenv.2016.03.013

2.	 van Tilborg MM, Murphy PJ, Evans KS. Impact 
of Dry Eye Symptoms and Daily Activities in a 
Modern Office. Optometry and Vision Science 
2017 Jun;94(6):688–693; https://doi.org/10.1097/
OPX.0000000000001086

3.	 Bron AJ, Tiffany JM, Gouveia SM, Yokoi N, Voon 
LW. Functional aspects of the tear film lipid layer. 
Experimental Eye Research 2004 Mar;78(3):347–
360; https://doi.org/10.1016/j.exer.2003.09.019

4.	 Maissa C, Guillon M. Tear film dynamics and li-
pid layer characteristics--effect of age and gender. 
Contact Lens and Anterior Eye 2010 Aug;33(4):176–
182; https://doi.org/10.1016/j.clae.2010.02.003

5.	 Graig J, Nichols KK, Akpek EK, Caffery B, Dua HS, 
Joo CK, Liu Z, Nelson JD, Nichols JJ, Tsubota K, 
Stapleton F. TFOS DEWS II Definition and Classifi-
cation Report. Ocular Surface 2017 Jul 1;15(3):276–
283; https://doi.org/10.1016/j.jtos.2017.05.008

6.	 Pouyeh B, Viteri E, Feuer W, Lee DJ, Florez H, 
Fabian JA, Perez VL, Galor A. Impact of Ocular 
Surface Symptoms on Quality of Life in a United 
States Veterans Affairs Population. American Jour-
nal of Ophthalmology 2012 Jun 1;153(6):1061–
1063; https://doi.org/10.1016/j.ajo.2011.11.030

7.	 Onwubiko SN, Eze BI, Udeh NN, Arinze OC, On-
wasigwe EN, Umeh RE. Contact Lens & Anterior Eye. 
Contact Lens and Anterior Eye 2014 Jun 1;37(3):157–
161; https://doi.org/10.1016/j.clae.2013.09.009

8.	 Stapleton F, Alves M, Bunya VY, Jalbert I, Lekhanont 
K, Malet F, Na KS, Schaumberg D, Uchino M, Vehof 
J, viso E, Vitale S, Jones L. TFOS DEWS II Epidemiol-
ogy Report. Ocular Surface 2017 Jul 1;15(3):334–365; 
https://doi.org/10.1016/j.jtos.2017.05.003

9.	 Le Q, Zhou X, Ge L, Wu L, Hong J, Xu J. Impact 

of Dry Eye Syndrome on Vision-Related Quality of 
Life in a Non-Clinic-Based General Population. Bi-
oMed Central Ophthalmology 2012 Jul 16;12(1):1–
1; https://doi.org/10.1186/1471-2415-12-22

10.	 Zhang Y, Chen H, Wu X. Prevalence and risk fac-
tors associated with dry eye syndrome among sen-
ior high school students in a county of Shandong 
Province, China. Ophthalmic Epidemiology [Inter-
net] 2012;19(4):226–230; https://doi.org/10.3109/0
9286586.2012.670742

11.	 Schaumberg DA, Uchino M, Christen WG, Semba 
RD, Buring JE, Li JZ. Patient Reported Differences 
in Dry Eye Disease between Men and Women: 
Impact, Management, and Patient Satisfaction. 
PLoS ONE 2013 Sep 30;8(9):e76121; https://doi.
org/10.1371/journal.pone.0076121

12.	 World Health Organization. Towards a Common 
Language for Functioning, Disability and Health: 
ICF. Geneva 2002 ; http://www.who.int/classifica-
tions/icf/icfbeginnersguide.pdf; retrieved Decem-
ber 24, 2017

13.	 Friedman NJ. Impact of dry eye disease and treat-
ment on quality of life. Current Opinion in Oph-
thalmology [Internet] 2010 May;21(4):1; https://doi.
org/10.1097/ICU.0b013e32833a8c15

14.	 Lemp MA. The Definition and Classification of 
Dry Eye Disease: Report of the Definition and 
Classification Subcommittee of the International 
Dry Eye WorkShop 2007. Ocular Surface;5:75–92; 
https://doi.org/10.1016/S1542-0124(12)70081-2

15.	 Nichols KK, Nichols JJ, Mitchell GL. The lack of asso-
ciation between signs and symptoms in patients with 
dry eye disease. Cornea 2004 Nov;23(8):762–770; htt-
ps://doi.org/10.1097/01.ico.0000133997.07144.9e

16.	 Thorud HMS, Helland M, Aarås A, Kvikstad TM, 
Lindberg LG, Horgen G. Eye-related pain induced 
by visually demanding computer work. Optom-
etry and Vision Science. 2012 Apr;89(4):452–464; 
https://doi.org/10.1097/OPX.0b013e31824c1801

17.	 Kaido M, Kawashima M, Ishida R, Tsubota K. Re-
lationship of Corneal Pain Sensitivity With Dry 

health-care physician, optometrist and general 
medical practitioner. Facilitating eye screening 
at nursing homes, life-cycle-resistant homes, 
and preventative measures during the working 
years would be beneficial.

For the ageing population and DED, the devel-
opment of effective multi-disciplinary health-
care, between optometrists, GPs, health and 
safety consultants, occupational healthcare phy-
sicians, and ergonomists, is important to provide 
a healthy (work) environment that promotes vis-
ual comfort and productivity57. The use of elec-
tronic devices, such as tablets and smartphones, 
as work-related reading devices is becoming 
more common, and there is a need to promote 
better visual comfort using these devices.

For visual functioning, the knowledge of visual 
discomfort caused by reflections seen at the 

screens is not a “standard” ergonomic instruc-
tion, and the tuning of the screen for contrast 
and intensity has to be personalised. This in-
struction should be as common as adjusting the 
chair and desk to the ergonomically-advised 
standards.

For developing work-spaces, life-cycle-resistant 
homes, nursing homes or other public spaces, 
visual functioning, in general, more attention 
should be made towards natural lighting and 
the avoidance of direct light-inducing glare. The 
environment should facilitate (work) activities 
during the day, and the environment, working 
space or living room should have light levels 
that will help address the normal loss of visual 
acuity that occurs through the ageing process, 
and to the individual needs produced by eye 
pathology.



2017 Vol. 16, No 4216

D r y  e y e  d i s e a s e  a n d  a g i n g

Eye Symptoms in Dry Eye With Short Tear Break-
Up Time. Investigative Ophthalmology & Visual 
Science 2016 Mar;57(3):914–919; https://doi.
org/10.1167/iovs.15-18447

18.	 Jung CC, Liang HH, Lee HL, Hsu NY, Su HJ. Al-
lostatic load model associated with indoor environ-
mental quality and sick building syndrome among 
office workers. PLoS ONE 2014 Apr 23;9(4):e95791; 
https://doi.org/10.1371/journal.pone.0095791

19.	 Burge PS. Sick building syndrome. Occupational 
and Environmental Medicine 2004 Feb 1;61(2):185–
190; https://doi.org/10.1136/oem.2003.008813

20.	 Chandrakumar M, Evans J, Arulanantham P. An in-
vestigation into sick building syndrome among lo-
cal authority employees. Annals of Occupational 
Hygiene 1994 Sep 30;38(5):789–799;  https://doi.
org/10.1093/annhyg/38.5.789

21.	 Wolkoff P, Kjærgaard SK. The dichotomy of rela-
tive humidity on indoor air quality. Environment 
International 2007 Aug;33(6):850–857; https://doi.
org/10.1016/j.envint.2007.04.004

22.	 Koh S, Tung C, Kottaiyan R, Zavislan J, Yoon G, Aqua-
vella J. Effect of Airflow Exposure on the Tear Me-
niscus. Journal of Ophthalmology 2012;2012(4):1–
6; https://doi.org/10.1155/2012/983182

23.	 Malerbi FK, Martins LC, Saldiva PHN, Braga ALF. 
Ambient levels of air pollution induce clinical 
worsening of blepharitis. Environmental Research 
2012 Jan;112:199–203;  https://doi.org/10.1016/j.
envres.2011.11.010

24.	 Alex A, Edwards A, Hays JD, Kerkstra M, Shih A, 
De Paiva CS, Pflugfelder SC. Factors predicting 
the ocular surface response to desiccating envi-
ronmental stress. Investigative Ophthalmology 
& Visual Science 2013 May 7;54(5):3325–3332; 
https://doi.org/10.1167/iovs.12-11322

25.	 Su SB, Lin KH, Chang HY, Lee CW, Lu CW, Guo 
HR. Using urine specific gravity to evaluate the 
hydration status of workers working in an ultra-
low humidity environment. Journal of Occupa-
tional Health 2006 Jul;48(4):284–289; https://doi.
org/10.1539/joh.48.284

26.	 Walsh NP, Fortes MB, Raymond-Barker P, Bishop C, 
Owen J, Tye E, Esmaeelpour M, Purslow C, Elghen-
zai S. Is whole-body hydration an important con-
sideration in dry eye? Investigative Ophthalmology 
& Visual Science 2012 Sep 25;53(10):6622–6627; 
https://doi.org/10.1167/iovs.12-10175

27.	 Bennett JA, Thomas V, Riegel B. Unrecognized 
chronic dehydration in older adults: examining 
prevalence rate and risk factors. Journal of Geron-
tological Nursing 2004 Nov;30(11):22–8–quiz52–3; 
https://doi.org/10.3928/0098-9134-20041101-09

28.	 Kenney WL, Chiu P. Influence of age on thirst 
and fluid intake. Medicine & Science in Sports 
& Exercise 2001 Sep;33(9):1524–1532; https://doi.
org/10.1097/00005768-200109000-00016

29.	 Vallance JK, Buman MP, Stevinson C, Lynch BM. 
Associations of Overall Sedentary Time and 
Screen Time with Sleep Outcomes. American 
Journal of Health Behavior 2015 Jan 1;39(1):62–67; 
https://doi.org/10.5993/AJHB.39.1.7

30.	 Lee YB, Koh JW, Hyon JY, Wee WR, Kim JJ, Shin 

YJ. Sleep Deprivation Reduces Tear Secretion and 
Impairs the Tear Film. Investigative Ophthalmolo-
gy & Visual Science 2014 Jun 1;55(6):3525; https://
doi.org/10.1167/iovs.14-13881

31.	 Han SB, Yang HK, Hyon JY, Wee WR. Association 
of dry eye disease with psychiatric or neurological 
disorders in elderly patients. Clinical interventions 
in aging 2017;12:785–792; https://doi.org/10.2147/
CIA.S137580

32.	 Rahi JS, Cumberland PM, Peckham CS. Visual 
Function in Working-Age Adults. Ophthalmol-
ogy 2009 Oct 1;116(10):1866–1871; https://doi.
org/10.1016/j.ophtha.2009.03.007

33.	 Chia EM, Mitchell P, Rochtchina E, Lee AJ, Ma-
roun R, Wang JJ. Prevalence and associations of 
dry eye syndrome in an older population: the Blue 
Mountains Eye Study. Clinical & Experimental 
Ophthalmology 2015;43(8);749-764; https://doi.
org/10.1046/j.1442-9071.2003.00634.x

34.	 Klein R, Klein BEK, Lee KE, Cruickshanks KJ, Gangnon 
RE. Changes in Visual Acuity in a Population Over a 
15-year Period: The Beaver Dam Eye Study. Ameri-
can Journal of Ophthalmology 2006 Oct;142(4):539–
549; https://doi.org/10.1016/j.ajo.2006.06.015

35.	 Walker PM, Lane KJ, Ousler GW, Abelson MB. Di-
urnal variation of visual function and the signs and 
symptoms of dry eye. Cornea 2010 Jun;29(6):607–612; 
https://doi.org/10.1097/ICO.0b013e3181c11e45

36.	 Chu C, Rosenfield M, Portello JK, Benzoni JA, Col-
lier JD. A comparison of symptoms after viewing text 
on a computer screen and hardcopy. Ophthalmic 
and Physiological Optics 2010 Dec 13;31(1):29–32; 
https://doi.org/10.1111/j.1475-1313.2010.00802.x

37.	 Portello JK, Rosenfield M, Bababekova Y, Estrada 
JM, Leon A. Computer-related visual symptoms 
in office workers. Ophthalmic and Physiologi-
cal Optics 2012 Sep;32(5):375–382; https://doi.
org/10.1111/j.1475-1313.2012.00925.x

38.	 Rosenfield M. Computer vision syndrome: a review of 
ocular causes and potential treatments. Ophthalmic 
and Physiological Optics 2011 Apr 12;31(5):502–515; 
https://doi.org/10.1111/j.1475-1313.2011.00834.x

39.	 Denoyer A, Rabut G, Baudouin C. Tear Film Ab-
erration Dynamics and Vision- Related Quality of 
Life in Patients with Dry Eye Disease. Ophthal-
mology 2012 Sep 1;119(9):1811–1818; https://doi.
org/10.1016/j.ophtha.2012.03.004

40.	 Nakamura S, Kinoshita S, Yokoi N, Ogawa Y, 
Shibuya M, Nakashima H, Hisamura R, Imada T, 
Imagawa T, Uehara M, Shibuya I, Dogru M, Ward 
S, Tsubota K. Lacrimal Hypofunction as a New 
Mechanism of Dry Eye in Visual Display Terminal 
Users. PLoS ONE 2010 Jun 15;5(6):e11119; https://
doi.org/10.1371/journal.pone.0011119

41.	 Koh S, Maeda N, Ikeda C, Asonuma S, Ogawa M, 
Hiraoka T, Oshika T, Nishida K. The Effect of Ocu-
lar Surface Regularity on Contrast Sensitivity and 
Straylight in Dry Eye. Investigative Ophthalmology 
& Visual Science 2017 May 1;58(5):2647–2651; 
https://doi.org/10.1167/iovs.17-21894

42.	 Li M, Gong L, Chapin WJ, Zhu M. Assessment 
of vision-related quality of life in dry eye pa-
tients. Investigative Ophthalmology & Visual Sci-



2017 Vol. 16, No 4217

D r y  e y e  d i s e a s e  a n d  a g i n g

ence 2012 Aug 17;53(9):5722–5727; https://doi.
org/10.1167/iovs.11-9094

43.	 Digre KB, Brennan KC. Shedding Light on Pho-
tophobia. Journal of Neuro-Ophthalmology 
2012 Mar;32(1):68–81; https://doi.org/10.1097/
WNO.0b013e3182474548

44.	 Katz BJ, Digre KB. Diagnosis, pathophysiology, 
and treatment of photophobia. Survey of Oph-
thalmology 2016 Jul 8;61(4):466–477; https://doi.
org/10.1016/j.survophthal.2016.02.001

45.	 Puell MC, Benítez-del-Castillo JM, Martínez-de-la-
Casa J, Sánchez-Ramos C, Vico E, Pérez-Carrasco MJ, 
Pedraza C, Del-Hierro A. Contrast sensitivity and dis-
ability glare in patients with dry eye. Acta Ophthal-
mologica Scandinavica 2006 May 30;84(4):527–531; 
https://doi.org/10.1111/j.1600-0420.2006.00671.x

46.	 Rosenthal P, Borsook D. The Corneal Pain System. 
Part I: The Missing Piece of the Dry Eye Puzzle. 
Ocular Surface 2012 Jan 1;10(1):2–14; https://doi.
org/10.1016/j.jtos.2012.01.002

47.	 Li M, Gong L, Sun X, Chapin WJ. Anxiety and De-
pression in Patients with Dry Eye Syndrome. Cur-
rent Eye Research, 1st ed, 2010 Dec 21;36(1):1–7 
https://doi.org/10.3109/02713683.2010.519850.

48.	 Tong L, Waduthantri S, Wong TY, Saw SM, Wang JJ, 
Rosman M, Lamoureux E. Impact of symptomatic 
dry eye on vision-related daily activities: The Singa-
pore Malay Eye Study. Eye 2010 May 21;24(9):1486–
1491; https://doi.org/10.1038/eye.2010.67

49.	 Sinoo MM, Van Tilborg M, Schols J. Age related visual 
pathologies among nursing home residents: an evalu-
ation of light conditions and recording in client files. 
World Journal of Social Science Research 2014;1:28–
41; https://doi.org/10.22158/wjssr.v1n2p136

50.	 Marmot AF, Stafford M, Stansfeld SA, Warwick 
E. Building health: an epidemiological study of 

“sick building syndrome” in the Whitehall II study. 
Occupational and Environmental Medicine 2006 
Apr 1;63(4):283–289; https://doi.org/10.1136/
oem.2005.022889

51.	 Galor A, Feuer W, Lee DJ, Florez H, Carter D, 
Pouyeh B, Prunty WJ, Perez VL. Prevalence and 

Risk Factors of Dry Eye Syndrome in a United 
States Veterans Affairs Population. American Jour-
nal of Ophthalmology 2011 Sep 1;152(3):377–384.
e2; https://doi.org/10.1016/j.ajo.2011.02.026

52.	 Vehof J, Kozareva D, Hysi PG, Harris J, Nessa A, 
Williams FK, Bennett DLH, McMahon SB, Fahy SJ, 
Direk K, Spector TD, Hammond CJ.Relationship 
between dry eye symptoms and pain sensi-
tivity. American Medical Association 2013 
Oct;131(10):1304–1308; https://doi.org/10.1001/
jamaophthalmol.2013.4399

53.	 Uchino M, Uchino Y, Dogru M, Kawashima M, 
Yokoi N, Komuro A, Sonomura Y, Kato H, Kinoshi-
ta S, Schaumberg DA, Tsubota K. Dry Eye Disease 
and Work Productivity Loss in Visual Display Us-
ers: The Osaka Study. American Journal of Oph-
thalmology 2014 Feb 1;157(2):294–300; https://doi.
org/10.1016/j.ajo.2013.10.014

54.	 Kawashima M, Uchino M, Yokoi N, Uchino Y, 
Dogru M, Komuro A, Sonomura Y, Kato H, Ki-
noshita S, Mimura M, Tsubota K. Associations be-
tween subjective happiness and dry eye disease: 
a new perspective from the Osaka study. PLoS 
ONE [Internet] 2015;10(4):e0123299; https://doi.
org/10.1371/journal.pone.0123299

55.	 Guillemin I, Begley CG, Chalmers RL, Baudouin 
C, Arnould B. Appraisal of Patient-Reported 
Outcome Instruments Available for Randomized 
Clinical Trials in Dry Eye: Revisiting the Standards. 
Ocular Surface 2012 Apr 1;10(2):84–99; https://
doi.org/10.1016/j.jtos.2012.01.007

56.	 Yu J, Asche CV, Fairchild CJ. The economic burden 
of dry eye disease in the United States: a decision 
tree analysis. Cornea 2011 Apr;30(4):379–387; 
https://doi.org/10.1097/ICO.0b013e3181f7f363

57.	 Long J. Forging partnerships between optom-
etrists and ergonomists to improve visual com-
fort and productivity in the workplace. Work 
[Internet] 2014 Mar 19;47(3):365–370; https://doi.
org/10.3233/WOR-131774


