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ABSTRACT

Primary care presentations of dry eye disease
(DED) are common and pose a diagnostic chal-
lenge due to the variety of symptoms and the
absence of certainty for family practitioners.
While there are many published articles on the
topic, the 2017 Tear Film and Ocular Surface
Society Dry Eye Workshop was a landmark
report in distinguishing multifactorial differ-
ences. Redefined terms clarified the DED disor-
der. The ocular surface—the tear/air interface—
is the primary refractive component of the eye,
which is why DED is so significant and impacts
vision. There is a high prevalence of DED in the
community, ranging from 5% to 30% of people
across multiple studies. Elderly patients have up
to 75% increased risk of DED and receive more
intensive treatment than younger age groups.
DED is also more common in women than men,

occurring in 9.8% of postmenopausal women.
The causes of DED span defective lacrimal
apparatus and systemic disorders. Despite its
prevalence, up to one-half of patients with
confirmed DED do not receive proper alleviat-
ing treatment. Risk factors on functional and
environmental bases follow. Tools to elicit a
diagnosis more confidently are outlined using
the Ocular Surface Disease Index (OSDI) and the
Symptom Assessment in Dry Eye questionnaires
(SANDE). Lacritin, lutein, vitamin A, and bal-
anced nutrition are essential contributors to
maintaining healthy eyes with appropriate
management and treatment. The authors hope
that this paper will prompt a more accurate and
expedient diagnosis of DED in primary care
practice and an earlier recognition of specialist
referrals.

PLAIN LANGUAGE SUMMARY

Dry eye disease (DED) poses a diagnostic chal-
lenge to primary care physicians. The condition
involves the tear/air interface, at the corneal
(ocular) surface, where light enters the eye. Any
change in light refraction affects regular sight.
Symptoms of DED include itching, grittiness,
foreign body sensation, redness, excessive tear-
ing, and visual blurring, the lattermost being the
most common presentation. Ultimately, the
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untreated disease leads to continued discomfort
andvisual deficit, butwhen severe, it can result in
blindness. Up to 30% of the population suffers
from DED, with the elderly, particularly women,
more affected. Unfortunately, up to 50%of those
affected have inadequate treatment. Question-
naires help in diagnosis. Simple office tests can
indicate the severity of eye problems. Technol-
ogy with smartphone photography can take
high-resolution images, which are useful in
education and teaching. A multitude of condi-
tions cause DED, including blepharitis, an
infection of the eyelids. Environmental risks also
abound. Proper nutrition is essential in main-
taining eye health. Intermittent eye symptoms
are likely to be underrated by the public, by
purchasing over-the-counter products such as
artificial tears rather than seeking a proper med-
ical check. Newer prescription medications are
now available for DED relief before advancing to
debility requiring specialist treatment.

Keywords: Biofilm; Blepharitis; Dry eye disease
(DED); Lacritin; Lutein; Meibomian gland
dysfunction (MGD); Ocular surface; Tear film

Key Summary Points

Why carry out this study?

A notable lack of awareness of DED at the
first point of physician contact reported
by other authors, without prompt
diagnosis of the condition, results in
greater patient discomfort and ultimately
visual damage.

Approximately half of all patients
diagnosed with the condition do not
receive the correct treatment in primary
care (FP) settings.

What was learned from the study?

This paper articulates and summarizes
the TFOS DEWS II findings succinctly to
enable a better understanding of the
diagnosis, management, and treatment of
DED by primary care (FP) family
physicians.

Office procedures are simple and practical
for either confirmation or exclusion of
DED, together with a deeper
understanding of presenting symptoms
and recognizing a significant cause of
visual morbidity.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, plain language
summary, and video, to facilitate understanding
of the article. To view digital features for this
article go to https://doi.org/10.6084/m9.
figshare.12994019.

BACKGROUND: OCULAR SURFACE

A tear film overlies all ocular surfaces. This film
was previously thought to comprise three dis-
tinct layers: an outer oily lipid layer, a middle
dominant aqueous layer, and an inner muci-
nous layer. However, the tear film likely exists
as a bilayer with an outer lipid layer and an
inner mixed aqueous/mucinous fluid layer.
These layers maintain hydration status and
protect the ocular surface. Disruption of any of
the layers can damage this surface and cause
pain to become a prominent symptom.

UNDERSTANDING DRY EYE
DISEASE

Dry eye disease (DED) and dry eye syndrome
(DES) are sometimes used synonymously. Craig
et al. [1] redefined an evidence-based and con-
temporary DED classification drawn up from
the Tear Film & Ocular Surface Society Dry Eye
Workshop II (TFOS DEWS) meeting in 2007 [2],
recognizing its multifactorial nature. TFOS
DEWS II [1] revised the definition of DED as:

‘‘a multifactorial disease of the ocular sur-
face characterized by a loss of homeostasis
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of the tear film, and accompanied by ocu-
lar symptoms, in which tear film instability
and hyperosmolarity, ocular surface
inflammation and damage, and neurosen-
sory abnormalities play etiological roles.’’

The report guided clinical management and
research [1]. The new DED description updated
the disorder, presenting a three-part classifica-
tion system: dry eye problems are disturbances
of the lacrimal functional unit (LFU) compris-
ing the

1. Lacrimal glands
2. Ocular surface
3. Eyelids

While the terms ‘‘aqueous deficient’’ and
‘‘evaporative dry eye’’ were removed from the
new definition, they remain valid within the
etiological classification [1].

DED causes a chronic lack of sufficient
lubrication to the eye’s aqueous tear film layer,
leading to the ocular surface’s disruption. DED
is a multifactorial disorder with inflammation,
tear evaporation, and increased osmolarity as its
core pathophysiologic processes [1, 2]. Kerato-
conjunctivitis sicca (KCS) does have a dry eye
component but should not be mistaken for
DED. Its use is now limited to Sjögren’s syn-
drome. The Delphi panel in 2006 emphasized
that tear dysfunction involves more than
aqueous deficiency. The majority of DED may
be attributed to the tear film’s insufficient lipid
layer, leading to excessive tear evaporation [3].
Lack of lacrimal gland activity leads to aqueous
tear deficiency (ATD) [1], but an evaporative
loss, both intrinsic and extrinsic, also has to be
considered. Elevated levels of tear nerve growth
factor (NGF) found in those suffering from KCS
may have a role in surface inflammation. Pro-
longed DED may lead to squamous metaplasia,
reduction of mucin-producing goblet cells, as
well as hyperkeratosis. Hormonal changes dur-
ing menopause and pregnancy, and cataract
and refractive surgery may also adversely
impact lacrimal activity.

Assessing eyelid health when DED is con-
firmed is important as there is a close associa-
tion with blepharitis and Meibomian gland
dysfunction (MGD). Rynerson and Perry [4]

coined the new term of dry eye blepharitis
syndrome (DEBS). A biofilm structure is a target
for colonizing bacteria. The invasion initiates
quorum-sensing gene activation, subsequently
producing inflammatory ‘‘virulence factors’’,
including super-antigens, which persist for a
lifetime. These factors cause follicular inflam-
mation, MGD, aqueous deficiency (lacrimalitis),
with lid damage and destruction sustained in
the long term. Lower eyelid surface appearances
are visible, initially with scurf, also known as
cylindrical dandruff, later undergoing kera-
tinization, as seen in Figs. 1 and 2 [5, 6]. Mei-
bography illustrates MGD changes as seen in
Fig. 3 [7]. In more advanced stages, eyelid
destruction is often accompanied by an ectro-
pion or entropion or may cause an eyelid to
become floppy.

COMPLIANCE WITH ETHICS
GUIDELINES

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Fig. 1 Anterior blepharitis showing scurf. Copyright
� 2020 Starr C E. Weill Cornell Medicine, New York,
NY, USA
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PREVALENCE

The prevalence of DED is estimated to be
5–50%, depending upon comorbidities. The
incidence in postmenopausal women increases
from 5.7% at younger than 50 years to 9.8% and
up to 75% from age 75 years [8, 9]. Many people
are unaware of their underlying condition. Of
the estimated 50 million people with DED in
the USA, approximately 35 million are undiag-
nosed [3]. Aging is a natural process in which
the symptoms and signs of DED may be disre-
garded or overlooked by a patient, without
relating the problem to their physician of care.

CAUSES OF DED

Ocular Surface Dysfunction

Gupta et al. [10] found that ocular surface dys-
function (OSD) was common in patients pre-
senting for cataract surgery, although many
presented undiagnosed. Because of its high
prevalence, screening was suggested with tear
testing before invasive surgery.

Starr et al. [11] wrote a seminal paper on DED
and ocular surgery, noting the impact on OSD
after any surgical procedure: DED symptoms
could be exacerbated, resulting in decreased
vision and postoperative dissatisfaction. The
American Society of Cataract and Refractive
Surgery (ASCRS) addressed the lack of awareness
on surgical outcomes by developing a new
consensus-based OSD algorithm to elicit and
treat visually significant OSD before any refrac-
tive surgery commenced. Their objective was to
improve postoperative visual outcomes and
enhance patient satisfaction.

Blink Rate

Patients with Parkinson’s disease are vulnerable
to DED because of a low blink reflex and poor
tear film distribution over the ocular surface.
People with Parkinson’s disease may have a
severely decreased blink rate of only two blinks
per minute versus an average ‘‘normal’’ blink
rate of up to 18 per minute [12]. Wolffsohn
et al. [13] evaluated a patient self-administered
Dry Eye Blink Test against established DED
diagnosis criteria and found it offered a rapid
method of identifying possible DED. The test
involved a patient observing an image on a
computer screen while trying not to blink after
administering a simple over-the-counter eye
isotonic solution. The length of time, measured
in seconds, of blink absence without discomfort
was measured with a 10-s cutoff. This screening
method, combined with a questionnaire,
showed a sensitivity of 71%, and a 90% speci-
ficity for diagnosing DED.

Fig. 2 Anterior blepharitis showing keratinization. Copy-
right � 2020 Starr C E. Weill Cornell Medicine, New
York, NY, USA

Fig. 3 Meibography showing Meibomian gland dysfunc-
tion (MGD); note darker areas on the lower lid signifying
the loss. Copyright � 2020 Starr C E. Weill Cornell
Medicine, New York, NY, USA
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Autoimmune Diseases and Other
Disorders

Rheumatic diseases can present with KCS. Signs
of anterior uveitis in rheumatoid arthritis and
symptoms of systemic lupus erythematosus
(SLE), scleroderma, and relapsing granulomato-
sis, with polyangiitis (GPA), formerly known as
Wegener’s granulomatosis are important. Other
autoimmune diseases to eliminate are Sjögren’s
syndrome (SjS), Behçet’s syndrome, hyperthy-
roidism with irreversible proptosis in Graves’
disease, rarely dermatomyositis, connective tis-
sue diseases, trachoma, eyelid disorders, and
vitamin A deficiency. MGD, ectropion, tricyclic
antidepressants, antihistamines, mydriatics,
oral contraceptives, diuretics, and antihyper-
tensive medications, including beta-blockers,
predispose to an increased likelihood of DED.
Allergic conjunctivitis also affects the ocular
surface (OS), altering the tear film layer. Nar-
rowing or, rarely, the congenital absence of a
lacrimal duct opening causes a lacrimal defi-
ciency [1]. Recall that anterior blepharitis and
MGD, involving inflammation of the eyelid
margins, are closely associated with DED.
Untreated, prolonged blepharitis can lead to
severe destruction of eyelid integrity.

SYMPTOMS TO NOTE

DED symptoms include eye irritation leading to
itching, grittiness, foreign body sensation, red-
ness, excessive periodic tearing or reflex epi-
phora, and temporary visual blurring, and
many are also common in blepharitis. Careful
examination of the lid margins can help to
differentiate between the two entities. Inter-
mittent or fluctuating blurry vision is the most
common presenting symptom of DED. Sharp
stabbing, burning, or stinging pains with sud-
den tearing cause distress alongside a patient’s
rationalization of a foreign body, such as a loose
eyelash or debris being responsible. Eyes are
sensitive owing to the high concentration of
ocular surface nerve endings. The cause of this
extreme pain is minor shearing of dried OS cells

and hyperstimulation of corneal sensory nerves,
with surface damage seen in Figs. 4 and 5
[14, 15]. Distracting pain may continue for
hours before abating with a visible red eye.
Anterior blepharitis and MGD, involving
inflammation of the eyelid margins, are often
associated with evaporative DED. These signifi-
cant symptoms of DED can lead to reduced
quality of life and lost work productivity.

Fig. 4 Dry eye disease: fluorescein stain highlighting
widespread ocular surface damage. Permission for repro-
duction granted. Copyright � 2020 American Academy
of Ophthalmology

Fig. 5 Dry eye disease: fluorescein staining showing
localized ocular surface damage. Copyright � 2020 Starr
C E. Weill Cornell Medicine, New York
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A quality of life matter to consider arose
when Na et al. [16] found a close association
between DED, stress, and depression in those
clinically diagnosed and presenting with eye
symptoms. Schiffman et al. [17] used utility
measurements (patient preferences) and found
an equivalent value for DED and moderate-to-
severe angina. Patients completed the interac-
tive software utility assessment questionnaires
by the time trade-off (TTO) method. Utility
scores were scaled such that a score of 1.0 sig-
nified perfect health and 0 was equivalent to
death. Utility scores for DED ranged from 0.78
to 0.72, and 0.75 to 0.71 for angina. DED
symptomatology can be seen to have a mean-
ingful impact on the disruption of health.

DRY EYE QUESTIONNAIRE (DEQ-5),
OCULAR SURFACE DISEASE INDEX
(OSDI), AND OTHER
QUESTIONNAIRES
FOR CONFIRMING DED

Two validated questionnaires—DEQ-5 and the
OSDI—were recommended in TFOS DEWS II
[1, 18]. Symptom Assessment in Dry Eye
(SANDE), Standard Patient Evaluation of Eye
Dryness (SPEED) questionnaire, and others are
used in research and general optometry and
ophthalmology practices. Chalmers et al. [19]
validated the DEQ-5 screening tool and claimed
that the questionnaire effectively discriminated
between self-assessed severity ratings and
patients with confirmed DED. Scores higher
than 6 suggest DED, and scores above 12 need a
more in-depth investigation.

IMPORTANCE OF LACRITIN

Lacritin is a glycoprotein produced by the
lacrimal gland and is apparent when screening
for tear protein secretion factors. It promotes
tear production and assists cell proliferation by
acting as a mitogen. Lacritin breakdown pro-
duces a bactericidal C-terminal fragment, natu-
rally protecting the eye from infections. The
deficiency of tears and possible layer ‘‘holes’’ in

the ocular surface tear layer stimulates the
release of inflammatory cytokines, which con-
sequentially stress epithelial cells in a vicious
cycle [2]. Lacritin, in sufficient quantity,
restores normality to the tear layer by facilitat-
ing epithelial renewal. It does this by targeting
surface cells with the help of heparan sulfate
proteoglycan syndecan-1. Reduced lacritin
levels occur in autoimmune Sjögren’s syndrome
when ocular cells become stressed. Lacritin
restores oxidative phosphorylation and pro-
vides respite for surface cells. Karnati et al. [20]
discussed the concept of autophagy—damaged
or dead cellular tissue being ingested, lysed, and
recycled—promoting ocular health.

MANAGEMENT

There is no cure for DED, with ongoing oph-
thalmic reviews required for management [2].
Eliciting a full eye history is obligatory. Before
an ophthalmological assessment, a small joint
review is advisable to exclude major rheumato-
logical diseases. If visual acuity (VA) is cor-
rectable to 20/20 with a prior evaluation, any
increased refractive error in a new patient with
DED needs further investigation. Refraction
results beyond a VA of 20/70 in one or both eyes
signify a more significant visual problem.
Tonometry checks confirming normal intraoc-
ular pressures are reassuring. The exception is in
patients with a normal-tension glaucoma vari-
ant. Schirmer’s test, now a century old, mea-
sures basal tear secretion volume. Moisture
reaching a 10-mm mark on a paper strip within
5 min is an expected test result.

The tear break-up time (TBUT) is a method
for determining an eye’s tear film stability and
observing evaporative dry eyes. A drop of fluo-
rescein dye is placed on the eye surface. With
blinking refrain, the healthy observed rate of
TBUT under slit-lamp examination with cobalt
blue light should be higher than 10 s; between 5
and 10 s is marginal, and less than 5 s is con-
sidered low or rapid. Fluorescein can also
highlight punctate epithelial erosions on the
ocular surface. The National Eye Institute (NEI)
Fluorescein Staining Score (FSS) divides the
cornea and conjunctiva into five sections. Each
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area’s dye uptake is assessed at 0/3 for no
staining to 3/3 for complete absorption. The
maximum score is 15/15. Amparo et al. [21]
introduced a novel computer-assisted auto-
mated scoring technique involving imaging,
claiming that the corneal fluorescein staining
(CFSi) method was more objective and accurate
at assessing DED than the FSS system adopted
by the NEI.

The slit-lamp biomicroscope provides an
operator with a stereoscopic view, magnifying
all eye structures in detail, including the DED
tear film layer. Several filters employ enhanced
views, such as cobalt blue for fluorescein stain-
ing and Goldmann tonometry, supplemented
by yellow for contrast differentiation. Red-free
(green) filters enhance the appearances of blood
vessel pathways, hemorrhages, and inflamma-
tion. Fleischer rings are also clearly detectable.
Heat absorbing, neutral density, and gray light
filters all provide patient comfort, with the lat-
termost used for patient photosensitivity.

Smartphone applications for the eye’s ante-
rior segments are increasing in popularity,
especially in the emerging age of telemedicine,
taking high-resolution photographic images.
These are inexpensive, mobile, and more con-
venient for teaching [22]. Inomata et al. [23]
designed a cross-sectional study collating
crowdsourced data in Japan using a smartphone
app called DryEyeRhythm, enabling the com-
pletion of a DED questionnaire. With 21,394
database records, multivariate-adjusted regres-
sion analysis identified risk factors for symp-
tomatic and undiagnosed symptomatic dry eye.
The study concluded that smartphone data
collection could play a role in early prevention
or more effective DED interventions.

Foulks and Pflugfelder [24] described new
options for noninvasively diagnosing DED,
evaluating the tear layer stability and meniscal
height, and searching for compositional chan-
ges. Lacrimal proteins increase in patients with
dry eye and Meibomian gland disorders, thus
acting as markers; these include S100AB and A9
peptides [25].

Point-of-care tests are available for eye care
offices. The tear osmometer (TearLab) measures
osmolarity. Another test, MMP9, InflammaDry
(Quidel), measures tear matrix

metalloproteinase-9 (MMP-9), which has a high
positive predictive value for confirming DED
when elevated. When normal osmolarity occurs
in a symptomatic patient, it indicates that
another subtype of OS disorder is present [26].

TREATMENT

Strategies

TFOS DEWS 11 [2] recommends a staged man-
agement strategy with four levels:

1. Educational counseling, reassurance, and
over-the-counter medications

2. Office-based treatments, specific prescrip-
tion medications, with additional overnight
treatments

3. Oral secretagogues, accompanied by autol-
ogous serum eye drops

4. Corticosteroid therapy over some time,
with possible surgical intervention

First Steps: Guidance

Primary health care practitioners (PHCP) are
well placed to recommend the first steps in
providing DED guidance to reduce or avoid
mild risk factors such as prolonged reading,
excessive computer screen engagement, pro-
longed contact lens use, brisk air-conditioning
flow, reduced humidity as on commercial
flights, and direct exposure to chemicals as in
exhaled tobacco smoke which are all temporary
[1]. Extended digital device and computer
screen use significantly reduce the blink rate
and induce eye strain. Certain occupational
activities are hazardous, requiring employees to
take precautions with care on reduced tear
production or increased evaporation rates [27].
Global pollution poses climatic threats of DED
occurring on the basis of geographical location.
Environmental stresses include prolonged eye
exposure in regions with high wind velocity,
such as in polar (desiccating) or dusty (desert
sand with foreign body risk) areas. Van Setten
et al. [28] confirmed a higher prevalence of
seasonal- and weather-related DED signs and
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symptoms in a European study. Advancing
technology has paradoxically enhanced aware-
ness of visual ergonomics. Anshel [29] coined
the term ‘‘computer vision syndrome (CVS)’’
when discussing computer-screen generated
visual stress. The adage of taking a 20-s break,
every 20 min, and looking at an object 20 feet
away is promoted by the American Optometric
Association [30]. Adding active blinking 20
times lubricates the ocular surface. The repeated
maneuver stimulates the production of a
metastable tear film between blinks, enhances
clear vision, and maintains ocular service cells’
health and turnover [31].

Some medications reduce tear production,
mainly some prescribed for hypertension,
depression, or antihistamines. PHCPs need to
advise patients on side effects when specific
prescriptions for the aforementioned condi-
tions are issued. Humidification is essential,
together with purposeful, active blinking.
Wearing special glasses during work or sun-
glasses when conditions are windy or warm
with bright sunlight effectively protects eyes
from OS desiccation. Ophthalmic gels used
overnight maintain moisture levels, as are
twice-daily applications of artificial tear
replacement. Warm eye compresses improve
Meibomian gland secretion and sooth surface
areas, with additional lid hygiene advised. Bae
et al. [32] claimed that high parenteral doses of
vitamin D therapy improved DED by reducing
ocular surface inflammation, promoting tear
secretion, and reducing tear instability, but this
is rarely recommended as initial treatment
today.

It is essential to complete a physical assess-
ment for any underlying autoimmune condi-
tions mentioned earlier when considering DED
as a diagnosis, to select the appropriate
treatment.

Blepharitis Treatment

Blepharitis is apparent with infected eyelash
bases and subsequent inflammation of the lid
margins. It is the most common pathological
eyelid disorder and is difficult to eliminate once
chronic, with a developed biofilm (DEBS) (see

Figs. 3 and 4). Eyelid hygiene is still a funda-
mentally useful activity. Topical or oral antibi-
otics, ophthalmic steroid treatment, and
calcineurin inhibitors have been used with a
modicum of success [33]. Ribeiro et al. [34]
completed a systematic review on the effec-
tiveness of using preservative-free artificial tears
versus preserved lubricants to treat DED and
found no statistically significant difference. A
more recent innovation involves autologous
serum eye drops (AS) as an option in severe DED
when there is no response to other recognized
medications. The biochemical components in
AS more closely mimic natural tears and act as a
lacrimal substitute for OS lubrication [35].
While used as second-line therapy, AS therapy is
inconsistent for beneficial outcomes, and fur-
ther research is needed to establish its value.

Specialist Medications

Lifitegrast, an anti-inflammatory medication, is
US Food and Drug Administration (FDA)-ap-
proved for the signs and symptoms of DED.
Used for all forms of the eye disorder by spe-
cialist ophthalmologists, conditions include
keratoconjunctivitis sicca, together with MGD,
and consequential inflammatory eye reactions,
it inhibits a T lymphocyte function-associated
antigen (LFA-1) known as integrin from binding
to an intercellular adhesion molecule, ICAM-1
[36, 37]. Lifitegrast provides rapid onset symp-
tom relief of itching, general eye discomfort,
and a foreign body sensation. Side effects may
manifest as transient blurring of vision, a
stinging sensation, and dysgeusia.

Cyclosporine A (CsA) was discovered in the
1970s and initially prescribed for solid organ
transplant surgery as an immunosuppressant.
Experimental ophthalmological trials in the late
1970s [38] progressed to successful human use
in preventing corneal allograft reactions by the
1980s, proving useful for settling inflammatory
ocular surface disorders [39]. CsA binds to
another protein, cyclophilin A, to form a com-
plex molecule modulating immune responses
by inhibiting T lymphocyte activity. In 2003, a
0.5% emulsion of CsA successfully managed
DED [40] and continues to be beneficial for
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ocular surface disease [41, 42]. Thermal pulsa-
tion therapy for MGD almost doubles patients’
TBUT [43]. The mean increase was estimated
from 4.5 to 8.5 s (P\0.001), OSDI score (mean
decrease from 50.5 to 41.6 [P = 0.024]), and
MMP-9 (50% positive rate pre treatment com-
pared to 26% positive rate post treatment
[P\0.0001]). CsA and lifitegrast therapy are
used exclusively by specialist ophthalmologists
and are not usually initiated by primary health
care physicians.

NUTRITIONAL IMPACT

Eye health benefits, such as reduced irritation
with OSD, maintained and preserved vision,
and reduced age-related macular degeneration
(AMD), can be achieved by a selected nutri-
tional intake. Omega-3 fatty acid-rich foods,
such as salmon, mackerel, sardines, and other
ocean fishes, while beneficial for general health,
were previously thought to improve DED. There
is equivocal evidence for vitamins preventing
cataract development [44]. Asbell et al. [45] first
drew attention to omega-3 being a questionable
beneficial supplement in her DREAM study.
When joined later by Hussain et al. [46] in a
randomized controlled trial, continuing or dis-
continuing omega-3 fatty acids supplements in
patients did not cause significantly worse out-
comes for those with DED. Non-seafood con-
sumers can compensate by taking fish oil
supplements, vegetarian supplements contain-
ing flaxseed or blackcurrant seed oils, or nuts,
such as almonds, walnuts, and pistachios. In the
AREDS2 trial, Chew et al. [47] determined that
leafy greens containing the powerful antioxi-
dants zeaxanthin and lutein also assist with eye
health by reducing the chances of AMD. Car-
otenoid-containing foods in colored fruits and
vegetables can benefit eye health, particularly
those that also containing vitamin C, vitamin E,
zinc, copper, eicosapentanoic acid (EPA), and
docosahexanoic acid (DHA). All are proven to
reduce the rate of advanced AMD.

Eggs are both lutein-rich and contain high
levels of vitamin A. Egg yolks contain approxi-
mately 200–250 lg of lutein and are up to three
times more bioavailable than comparable

vegetable sources. Lean beef eaten in modera-
tion, rich in vitamin A, can boost corneal and
conjunctival eye health. Other healthy vitamins
include B6, B9, B12, riboflavin, and niacin, many
of which enable consumption of a substantial
part of a recommended daily allowance (RDA)
of trace elements in commercial cereal
products.

CONCLUSION

DED is a challenging disorder to diagnose and is
hard to treat on a first presentation. It continues
to be a significant issue in primary care and
ophthalmological services, with approximately
one-half of those diagnosed not receiving ade-
quate treatment beyond artificial tears. The
TFOS DEWS II team [1] report is a significant
advance to defining DED, and establishing
updated diagnostic parameters. Earlier recogni-
tion by primary care family physicians and
newer treatments can provide swifter interven-
tion and relief for patients before they advance
to more severe symptoms needing referral to an
ophthalmologist.
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