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Abstract: The pandemic of coronavirus disease 2019 (COVID-19) has led many countries 
of the world to impose a series of containment measures such as lockdowns (mass quar-
antines), curfews or similar restrictions (eg, stay-at-home orders, or shelter-in-place orders). 
All these restrictions were established in order to limit spread of COVID-19. Thus, approxi-
mately 3.9 billion people worldwide were under lockdown by early April 2020. During this 
time (home confinement), some solutions have been proposed by experts to improve work 
and school productivity, including smart working and online school lessons. However, many 
of the restrictive measures are likely to act as predisposing factors for dry eye disease (DED), 
directly or related to sick building syndrome (SBS). Herein, we discuss the implications of 
quarantine measures on eye health, in particular on DED associated with SBS, and introduce 
some potential preventive strategies for lockdown-related ocular surface disorders. Several 
risk factors are implicated in their pathogenesis, including environmental changes (eg, air 
quality) and modifications in personal behaviors (eg, the abuse of digital devices, malnutri-
tion, and sleep/psychiatric disorders). Considering a number of predisposing factors for 
DED, it is possible to state that patients under lockdown are at risk of ocular surface 
alterations. Accordingly, the COVID-19 pandemic era is expected to determine an increase 
in dry eye patients all around the world (a new phenomenon that we propose to name the 
“quarantine dry eye”) in the event that the restrictive measures will be recursively extended 
over time. 
Keywords: COVID-19, dry eye diseases, sick building syndrome, ocular surface, 
coronavirus, SARS-CoV-2, tear film, lockdown, quarantine, display device

Introduction
Since first being recorded late last year in China, the novel coronavirus disease 
2019 (COVID-19) has spread around the world in a matter of months, touching 
every continent save Antarctica. Efforts to stem the spread of the ongoing pandemic 
have prompted most Governments to impose to billions of people around the world 
a series of containment measures to prevent physical contact, such as lockdowns 
(mass quarantines), curfews or similar restrictions (eg, stay-at-home orders, public 
gathering bans, or shelter-in-place orders). In most countries, temporary closure of 
schools, universities and colleges, offices and industries, have been applied.

Notably, India, France, Italy, New Zealand, Poland, Israel, Spain and the United 
Kingdom are the countries that have implemented the world’s largest and most 
restrictive mass quarantines. For example, in Northern Italy approximately 50,000 
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people were closed in a cordon sanitaire on 
22 February 2020, and in India more than 1.3 billion of 
people were under lockdown by late April of the 
same year.1 Overall, more than half of the world’s popula-
tion has been under lockdown by early April 2020.2–4 

Similar restrictions are foreseen in the USA and in Brazil.
Herein, we discuss the risk factors associated with 

quarantine measures of home confinement on eye surface 
health, with particular emphasis on those situations likely 
to trigger dry eye syndrome and sick building syndrome 
(as defined below). Moreover, we introduce a number of 
potential preventive strategies for lockdown-related ocular 
surface disorders.

Risk Factors for Dry Eye Disease 
During the Pandemic of COVID-19
During quarantine, some models of work/school at home 
have been proposed to improve productivity, including 
smart working and online school lessons, essentially 
based on use of video display terminals (VDTs). 
Undoubtedly, these models of smart working with VDTs 
have produced new styles of life, the digital work and the 
digital school, constraining people, young and adults, to 
prolonged near visual work. Unfortunately, the prolonged 
use of VDTs may predispose to ocular surface disorders, 
such as dry eye disease (DED), which are associated with 
local and visual symptoms (eg, eye strain).

Although DED is among the most common eye diseases 
around the world, its impact on the overall health of patients 
is often underestimated. Dry eye represents essentially 
a change in the precorneal tear film regularity and dynamic. 
Any local change of tear film may cause both vision-related 
and ocular surface-related symptoms. In particular, vision 
deterioration and the changes of optical quality in patients 
with DED imply decreased quality of life.5 DED has 
recently been defined by the TFOS DEWS II as

a multifactorial disease of the ocular surface characterized 
by a loss of homeostasis of the tear film, and accompanied 
by ocular symptoms, in which tear film instability and 
hyperosmolarity, ocular surface inflammation and damage, 
and neurosensory abnormalities play etiological roles.5 

Environmental Factors and Personal 
Behaviors
The continuous need to redefine the disease over the last 
twenty years only partly explains its great pathogenetic 

and diagnostic complexity.6–11 In fact, several risk factors 
are implicated in the pathogenesis of DED, including 
environmental factors (eg, air quality), and personal beha-
viors such as the abuse of digital devices (DDs) in general, 
eg, mobile phone, TV, or video display terminals 
(VDTs).12,13 In these cases, DED may occur as 
a consequence of reduced rate of blinks (eg, due to the 
increased exposure to short-wavelength blue light), or of 
poor quality of blinking (often incomplete). Interestingly, 
the prevalence of dry eye among visual display workers 
was found to be particularly high in young adults from 
large cross-sectional studies.14,15 The widespread use of 
DDs such as home computers, tablets and electronic 
devices, has significantly contributed to the spread of this 
eye disorder in the general population, even in young 
children aged 0–4 years.16 Accordingly, pediatric DED 
has been strongly associated with smartphone use in chil-
dren in urban environments, while outdoor activity 
appeared to play a protective role.13,17

Moreover, a sedentary behavior due to a general reduc-
tion of physical activity may also predispose to DED.

In other cases, the combination of multiple risk factors, 
for example, air-conditioned environments and performing 
work at VDTs, has led the experts to coin the term “office 
eye syndrome”.18,19 Tear evaporation, for example, rises in 
conditions of increased airflow over the surface of the eye 
(eg, a fan or, in general, air conditioning) and low 
humidity.20 For instance, 90 minutes spent in an environ-
ment with low humidity are sufficient to induce ocular 
discomfort and the appearance of pro-inflammatory agents 
in tears.20

Eye irritation and DED have also been observed in 
people occupying a building for a prolonged length of 
time, a situation in which the occupants experience dis-
comfort or acute health effects that seem related directly to 
the time spent in the building. This condition, classified as 
Sick building syndrome (SBS)21 has not been associated 
with specific illness or cause.22 Generally, symptoms start 
within a few hours, and improve within minutes of leaving 
the building. Since SBS often worsens in winter, it is very 
likely associated with low sunlight exposure. There 
appeared also some association between SBS symptoms 
and poor air quality (eg, particulates in the air), low fresh 
air ventilation rates, high temperature, low humidity, pre-
sence of dust, and the elevated microbial content of the 
air.23

Symptoms of DED related to SBE can be more pro-
nounced in people wearing contact lenses, who may find 
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difficult to wear them throughout the day.24 The objective 
signs include a reduced stability of the tear film, decreased 
foam in the internal epicanthus, and damages of ocular 
surface epithelia. Overall, the DED associated with SBS 
can induce a reduced quality of life and a decreased pro-
ductivity of the workers.

Dietary Implications on the Ocular 
Surface During COVID-19 Lockdown
A further issue related to DED may be represented by 
changes of eating and drinking habits secondary to the 
lockdown. The closing of restaurants, pubs, bars and cafe-
terias, as well as the increased time spent at home have 
induced more individuals and families to spend more time 
preparing and eating food at home (eg, cakes, pizzas, or 
bread). Breakfast, lunch, dinner, and snacks preparation 
and consuming have become a relevant home activity for 
many persons. Moreover, the shortage of some fresh ingre-
dients may have changed eating habits and favored stock-
piling. In particular, a larger portion and wider variety of 
foods available during the lockdown are likely to be fro-
zen. However, it is essential to adopt a varied and balanced 
diet to ensure a quantitative and qualitative healthy supply 
of all nutrients required for the proper functioning of the 
eyes. The role of certain nutrients in the prevention and 
management of DED has been the subject of numerous 
studies and the interest of the pharmaceutical industry.25 

The main nutritional deficiency which has been associated 
to DED is the lack of vitamin A and D, and of essential 
fatty acids.26–32 Subjects suffering from, or at risk of dry 
eye, must pay attention to maintain adequate levels of 
these two vitamins in their diet.

It is essential to note that since lockdown is related 
with disruption of the work routine, this could lead to 
boredom.33 The latter has in turn been associated with 
higher energy intake, as well as the consumption of more 
carbohydrates, fats and proteins.34 This unhealthy nutri-
tional habit could increase the risk of developing obesity, 
which is considered to be a chronic state of inflammation 
paradoxically associated with nutritional deficiencies.35 

Furthermore, during the quarantine the increase in macro-
nutrient intake could also be accompanied by a deficiency 
of micronutrients as occurs in obesity.33,36 In fact, a diet 
poor in vegetables and fruit is frequently observed during 
isolation, resulting in a low intake of vitamins and anti-
oxidants, and in association with reduced physical 
activity.37

Lockdown-related stress also causes sleep disturbances 
and psychiatric problems that further worsen emotional 
tension and increase food intake (in particular sugar-rich 
food) and alcohol drinking, creating a dangerous vicious 
cycle.33 Conversely, in developing countries, dietary pro-
blems (eg, vitamin and antioxidant deficiency) may be due 
to poverty and malnutrition.

Also, whole-body hydration may play a role in DED. 
Suboptimal whole-body hydration is more frequent in 
people with dry eye, compared with those classified as 
non-DED.38 Although it is not clear at the moment 
whether improving whole-body hydration may serve as 
a therapy to reduce DED symptoms, adequate body hydra-
tion, not less than 1.5 liter a day of water intake is highly 
recommended.

Regarding alcohol consumption during COVID-19, 
coronavirus pandemic, social isolation, and economic 
uncertainty, undoubtedly may stimulate alcohol drinking 
for negative reinforcement, to escape, avoid, or regulate 
unpleasant emotions, like stress.39

The World Health Organization (WHO) has specifi-
cally warned about alcohol use during the COVID-19 
pandemic.40,41 The WHO’s regional office for Europe 
recommended governments restrict access to alcohol.42

In the USA alcohol beverages recorded a boom of 
sales, both online and off-premises, compensating at least 
in part for the impact of closed bars and restaurants, 
according to data reported by Nielsen, an international 
measurement and data analytics company.43 Other coun-
tries probably have scored a similar trend. Some of this 
increase is undoubtedly stockpiling but is also known from 
prior experience and studies that periods of economic and 
psychological stress like this are characterized by an 
increase of alcohol consumption.44 For the past few dec-
ades, researchers have held controversial opinions whether 
alcohol drinking disturbs tear film and ocular surface.45–47 

However, recent studies suggest that alcohol consumption 
may be a significant risk factor for DED.48

Issues Related to Vitamin A and D, and Essential Fatty 
Acids
Vitamin A, also known as retinol, is only found in animal- 
sourced foods, such as oily fish, liver, cheese and butter.49 

The recommended dietary allowance (RDA) is 900 micro-
grams (mcg) for men, 700 mcg for women and 300–600 
mcg for children and adolescents. For instance, one slice 
of beef liver contains 6421 mcg, while one tablespoon of 
butter contains 97 mcg of vitamin A.
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However, human body can produce vitamin A from 
carotenoids found in plants.50 These carotenoids include 
alpha-carotene and beta-carotene, which are collectively 
known as provitamin A. For instance, 100 grams of 
cooked sweet potatoes carry 1043 mcg, and one cooked 
medium carrot carry 852 mcg. Unfortunately, 45% of 
people carry a genetic mutation that significantly reduces 
their ability to convert provitamin A into vitamin 
A. Therefore, a more generous dosage of these foods is 
suggested. During the COVID-19 era, the excess alcohol 
consumption related to the lockdown, or dietary problems 
(eg, iron deficiency or malnutrition), can predispose to 
vitamin A deficiency.51,52

Vitamin D is found almost mainly in animal products, 
so that vegetarians and vegans are at particularly high risk 
of not getting enough quantity. Vitamin D is the only 
nutrient the body skin produces when exposed to sunlight. 
The average RDA is 800 International Unit (IU) (equiva-
lent to 20 mcg) of vitamin D per day from foods. During 
lockdown, however, people are expected to be less 
exposed to sunlight (especially in developed countries), 
and if they consume a diet low in good sources of this 
vitamin, they risk not reaching the RDA.53 For instance, 
100 grams of wild salmon contain 526 IU of vitamin D, 
66% of the RDA. Also, cod liver oil is an excellent source 
of vitamin D: one teaspoon contains about 500 IU. Cod 
liver oil likewise is a very good source of vitamin A, with 
150% of RDA in just one teaspoon. Cow’s milk is another 
well-known source of vitamin D. It usually contains about 
130 IU per cup, and in many countries, is fortified with 
vitamin D.

Although there is currently not sufficient evidence to 
support recommending vitamin D to reduce the risk of 
COVID-19, given that many people are spending more 
time indoors and may not get the vitamin D they need 
for bone and muscle health, some authors consider that 
vitamin D–deficient patients, and the population in gen-
eral, should be advised to take a daily supplement contain-
ing 800–1000 UI.54

It should be remembered that the respect of RDA is 
important to avoid potential vitamin A and D toxicity on 
long term.

Poly-unsaturated Fatty Acids (PUFAs) omega 3 and 
omega 6 have been the elements of the diet most widely 
reported to have an impact in DED.28,29,50 PUFAs derive 
from essential fatty acids (EFAs) linoleic acid (LA) (n−6) 
and α-linolenic acid (ALA) (n−3), and they cannot be 
synthesized by humans (or other higher animals). For 

these reasons, PUFAs must be directly obtained from the 
diet. Most crop seeds and vegetable oils, including canola, 
soybean, corn, and sunflower oils, are major sources of n 
−6 FAs in the form of LA with low proportions of n−3 FAs 
(ALA). Contrasting to n−6 FAs, the intake of n−3 FAs is 
usually inadequate because of their limited sources.50 

Green leafy vegetables also contain high proportions of 
PUFAs in the form of ALA.50 Diet based on fish, fish oil, 
beef, and lamb can also supply eicosapentaenoic acid 
(EPA), docosapentaenoic acid (DPA), docosahexaenoic 
acid (DHA), and arachidonic acid (ARA) that can be 
directly utilized for normal physiological functions in the 
body.55 However, during the COVID-19 related lockdown, 
it may be more difficult to find the aforementioned types 
of fresh vegetables, fish or meat, unlike repetitive canned 
foods.

Sleep and Psychiatric Disorder as Risk 
Factors for DED
In addition, sleep deprivation and psychological states, 
such as depression and anger, not only adversely affects 
the patient’s quality of life, but are also significantly asso-
ciated with DED. The relationship between dry eye symp-
toms and psychiatric symptoms has been reported in 
multiple studies.56,57 Definitely, the uncertainty linked to 
the COVID-19 pandemic aroused fear, anxiety, worry, 
stress, and insomnia.

The prevalence of depression symptoms in the US was 
more than threefold higher during COVID-19 compared 
with before the COVID-19 pandemic.58

During June 24–30, 2020, 40.9% of USA adults 
reported at least one adverse mental or behavioral health 
condition, including symptoms of anxiety or depressive 
disorder associated with COVID-19. Younger adults, 
racial/ethnic minorities, essential workers, and unpaid 
adult caregivers reported having experienced disproportio-
nately worse mental health outcomes, increased substance 
use, and elevated suicidal ideation.59

The pandemic is likely to have both long- and short- 
term implications for mental health and substance use, 
particularly for groups likely at risk of new or exacerbated 
mental health struggles.59

Under these circumstances, medications are often pre-
scribed. However, neurological and psychiatric medica-
tions, such as antidepressant (amitriptyline, sertraline, 
and paroxetine), antipsychotic (thioridazine) and 
Parkinson’s medication (trihexyphenidyl), may represent 
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an additional risk factor of developing or worsen 
DED.60,61

Beyond daytime stress, anxiety and depression, insom-
nia has been founded in the general population and in 
special groups, such as the medical staff and college stu-
dents, during the COVID-19 outbreak.62–68

Insomnia can disrupt the lacrimal system and cause 
DED, through increased tear osmolarity, decreased tear 
secretion and shortened tear film breakup time.69,70 As 
a result, patients often complain about eye fatigue, pre-
sumably due to photophobia and blurred vision induced by 
tear film instability.

Of note, the COVID-19 lockdown in some countries 
was associated with a significant increase in purchasing 
behavior in pharmacies for psychotropic and neurological 
drugs.71 Noticeably, strict lockdown measures can have 
a more severe negative psychological impact on psychia-
tric patients.72

“Quarantine Dry Eye” in Developed 
and Developing Countries
In this paper, we have highlighted the potential connection 
between DED and the lockdown-related lifestyle, 
a condition for which we coined the term “quarantine 
dry eye”. Therefore, it is likely to expect an increase of 
DED patients around the world, particularly in the event 
that the restrictive measures will be recursively extended 
over time.

An additional question that may be relevant to this 
argument is whether the problems of DED will be distrib-
uted mainly in the industrialized countries, where majority 
of people use VDTs for most part of the day, live in places 
with suboptimal air conditions, are constrained to seden-
tary style of life, and consume unhealthy foods and 
beverages.

Probably, in developing countries, the effects of quar-
antine on DED could prove to be even more distressing, 
although for different reasons, and difficult to evaluate: 
many people still live in poverty, often in small hovels in 
favelas, where malnutrition, hunger and poor health con-
ditions represent a major problem. Moreover, in many 
developing countries social life and working activities 
are prevalently outdoors, so that the excessive UV irradia-
tion can play a contributory role in the development of 
various ocular disorders, such as pterygium, photokeratitis 
and corneal degenerative changes, leading to serious dry 
eye in a large part of the population. In these cases, 

a worsening of symptoms in an already existing end- 
stage DED may be impossible to evaluate.

Beyond this, in some emerging countries, the rules of 
quarantine have sorted untoward effects on population. In 
India, for instance, the lockdown sparked mass migration 
of people from large cities, both for problems of social 
isolation and fear of hunger, to return to their villages and 
take refuge in “tree houses”,73 in a sort of unpredictable 
and extreme outdoor insulation.

Therapeutic Approaches
From a therapeutic point of view, several recommenda-
tions may be useful for patients at risk of “quarantine dry 
eye”, including some behavioral (eg, timed interruptions 
during smart working, and recurrent forced blinking), 
ergonomic (eg, down gaze position, laptop instead of PC, 
or reduced amplitude of eyelid opening), and environmen-
tal (eg, avoid fans or air conditioning) measures. Different 
therapeutic approaches such as the instillation of artificial 
tears (which often contain substances with antiviral 
action74) or the application of warm compresses can also 
be considered. Of interest, since excessive exposure to 
blue light from DDs may result in sleep cycle disruption 
(and indirectly in dry eye), warmer screen tones towards 
the evening would be desirable, particularly for young 
people.75,76 Some modern software offers this option, 
including Microsoft’s “Night light” and Apple’s “Night 
Shift” (for older or low-quality digital media, “blue light 
blocking” glasses might play a protective role77). 
Similarly, the screen brightness should be adjusted to 
match the level of room light, and the contrast increased 
as much as possible to reduce eye strain. A matte screen 
filter may also reduce the glare.78 Moreover, humidifiers 
for dry and warm rooms as well as corrective glasses 
(“computer glasses”) for astigmatic, hypermetropic or 
presbyopic patients can be considered.79

Clearly, the same recommendations apply to kids with 
some additional considerations to limit intensive near 
work.80 It is highly desirable to use a timer (eg, kitchen 
or smart device timer), to make calls to encourage the 
youngest users to look away from the screens (eg, with 
paperclips in a book, or using the “bookmark” function on 
an e-book), to discourage the use of DDs outside or in 
brightly lit areas (due to the potential glare), and to encou-
rage blinking and adequate distance from digital media, ie, 
at least 18 to 24 inches (~45–60 cm).

As regards the new and presumably temporary “home 
offices” (related to digital work/school), some reflections 
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can be made to improve the quality of the indoor environ-
ment. First, natural ventilation is preferable to artificial 
ventilation. Air-conditioned offices are in fact more 
exposed to pollutants generated by ventilation systems. 
Second, the facial rash following the use/abuse of DDs 
should be carefully monitored because it may indicate the 
precipitation of charged air particles on the skin. In addi-
tion, indoor cigarette smoking and the low quality of work 
software should be strongly discouraged. Overall, all gen-
eral rules for preventig SBS should be taken in account to 
limit the risk of ocular and extra-ocular symptoms (eg, 
HEPA filters, toxin-absorbing plants, regular inspections to 
detect mold or toxins, adequate placement of office 
machinery, etc.).

Noticeably, in the poorest countries, economic and social 
support given by governments or other agencies is of crucial 
importance to address fundamental problems such as mal-
nutrition, homelessness, vulnerability and poor living con-
ditions associated with decrepit housing units with 
incomplete or deteriorated infrastructure (eg, slums in 
urban and suburban areas), and excessive sun exposure 
(eg, the free supply of UV-protective sunglasses may be 
very useful).

Conclusion
In conclusion, various groups of the general population 
should be carefully monitored for DED during and after 
lockdowns (eg, children, young adults, or VDT workers). 
In this sense, “quarantine dry eye” can reduce the quality 
of life of people and lead to a drastic reduction in work 
and school efficiency, while timely treatment may 
promptly limit all these problems.
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