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ABSTRACT

As one of the most common diseases in ophthalmology today, dry eye disease (DED) poses a
great challenge for public health systems globally. This is a multifactorial condition involving the
production/evaporation of tears and consequential damage to the ocular surface. Symptoms of
DED like discomfort and visual disturbance alter a person’s quality of life and pose a significant
economic burden to healthcare systems. Today’s lifestyle favors DED development, especially
long-term exposure to screens, poor sleep quality, and a diet abundant in saturated fats and
omega-6 fatty acids, and we can expect that its prevalence will extend far beyond the currently
estimated 10%. The underlying inflammation and symptoms of DED, are treated with various
anti-inflammatory agents and autologous and/or allogeneic serum drops. Considering the role of
lifestyle in DED pathophysiology, lifestyle modifications, including diet, sleep, and physical activity
are getting more attention. Among them, supplementation with omega-3 fatty acids shows the
most promising results in alleviating subjective and objective measures of DED through a direct
effect on the stability and production of the tear film, inflammation markers, and corneal nerve
regeneration. We aimed to provide insights into currently available research findings supporting
omega-3 fatty acids as a valuable adjuvant therapy in treating DED.
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INTRODUCTION

A
s one of the most common diagnoses in ophthal-
mology, dry eye disease (DED) affects 10–30%
of the global population [1, 2]. It affects 10% of
adults aged 30–60 year and 15% of adults over 65

year [3]. The economic burden of DED is substantial; based
on the systematic review of literature from 2016 [4], direct
costs vary greatly between Europe, the United States, and
Asia, but in all three regions, the largest share of the overall
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economic burden goes to indirect costs due to sick-leaves and
reduced productivity. Costs are higher for female patients [5]
and for more severe forms of the disease [6, 7].

Women are generally more susceptible to DED, especially
if on estrogen replacement therapy. Also, DED prevalence is
higher among people with blepharitis, Meibomian gland dys-
function, and change of the conjunctiva, as well as in people
suffering from various systemic chronic conditions like cardio-
vascular diseases, thyroid diseases, arthritis, and osteoporosis,
and among people who have had a corneal, retinal, or onco-
logical eye surgery [8–10].

DED can cause serious life-quality impairment affecting
many daily activities, from driving, and reading, to the abil-
ity to spend time in front of a screen (computer, television)
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[11]. Today’s lifestyle represents ideal environment for DED.
Long-term use of computers and exposure to various screens,
insufficient sleep, psychological stress [12], a Westernized diet
abundant with omega-6 fatty acids [11] and metabolic dis-
eases that promote oxidative stress and inflammation [13], are
proven underlying risk factors in the pathology of DED [14].
As proposed by Kojima et al. [13], DED can be observed as
a lifestyle disease. In that sense, promoting lifestyle changes
focused on diet, sleep, and exercise could possibly prevent the
onset and reduce the economic and societal burden of DED.

Recent evidence suggests that topical application and oral
supplementation with omega-3 fatty acids could be effective
adjuvant therapies in the treatment of DED [15]. Even though
we don’t fully understand how it works, most randomized
controlled studies [16] have found that the anti-inflammatory
properties of omega-3 fatty acids are the main reason why
both subjective and objective measures of DED get better.
This review provides an overview of currently available re-
search findings regarding the potential of omega-3 fatty acids
in the treatment of DED.

PATHOPHYSIOLOGY OF DRY EYE DISEASE

Dry eye is a multifactorial disease of the production and
evaporation of tears due to decreased function of the lacrimal
glands and consequent dryness of the conjunctiva and cornea
[17, 18]. It is manifested as discomfort, visual disturbances,
and instability of the tear film, with the possibility of leading
to significant damage to the ocular surface [17].

The clinical term ”dry” eye is increasingly being aban-
doned, given that the etiology of the disorders implied by
the term extends far beyond the lack of tears, putting the
emphasing the dysfunction of the tear film as the main cause
of the disease [8].

Triggers in the pathophysiology of DED are various stress
factors on the ocular surface, from environmental factors,
infections, endogenous stress, and antigens, to genetic fac-
tors. Ageing, female gender, some medications (like antidia-
betics, antihypertensives, antidepressants, thyroid drugs, an-
tihistamines, antiepileptics, antipsyhotics, antiparkinsonian
drugs, antiglaukoma drugs, and oral contraceptives), and con-
ditions (such as refractive surgeries, irregular blinking, and
long-term use of contact lenses) promote DED [17–19]. Dam-
age to the ocular surface is a result of activation of the au-
toreactive T helper cells, which infiltrate the ocular surface
and lacrimal gland, as a result of pro-inflammatory cytokine
and chemokine production, and the activation of matrix met-
alloproteinases [18, 20]. Finally, osmolarity of the tear film
and inflammation of the ocular surface increase [17, 21, 22].
A higher level of depression or anxiety has also been consis-
tently reported in patients with clinical diagnosis of DED and
those with self-reported DED [23].

The tear film is approximately 3µm thick, and its compo-
sition is in a very dynamic flux, whose specific content varies
depending on the environment and body conditions [19, 24].
Three main layers of the tear film are shown in Figure 1:
1. The surface, or lipid layer, of the tear film - serves to reduce

the evaporation of the aqueous layer when the eye is open.
It is primarily secreted by the Meibomian glands (modi-
fied sebaceous glands) in the edges of the eyelids and, in
smaller amount, by the Moll (modified apocrinic, sudorifer-
ous) and Zeiss (modified sebaceous) glands, located within
the superior and lower eyelids [25].

2. The central, aqueous layer that lubricates the eye sur-
face also contains numerous electrolytes, proteins, growth

Figure 1. Tear film layers and their sources of production
(Source: [19]. All right to the Int. J. Mol. Sci.).

factors, vitamins, antimicrobial agents, cytokines, im-
munoglobulins, and hormones. It makes up 90% of the
volume of the tear film [24], and its main purpose is to
nourish and protect the ocular surface. It is secreted by the
main lacrimal glands and the Krauze and Wolfring glands
(accessory lacrimal glands) located in the conjunctiva of
the superior eyelid and superior conjunctival fornix [25].

3. The inner, mucinous layer that has function of moisturizing
and covering the cornea. It is produced by conjunctival and
corneal epithelium, the lacrimal gland, and conjunctival
goblet cells [25].

Patients reported a variety of symptoms, including irritabil-
ity, scratching, burning, foreign body sensations, and blurred
vision [26]. However, these often overlap with other ocular
surface pathologies, leading to a delayed diagnosis [27]. In
43% of patients with DED, a longer time to diagnosis (more
than one year) negatively affects the quality of life [23, 26].
Advanced conditions can result in damage to the front surface
of the eye, presented as a serious change in visual acuity [8],
which deepens the negative effect on work productivity and
overall quality of life [23, 26].

CLASSIFICATION OF DRY EYE DISEASE

There are two types: 1) dry eye due to the so-called tear
deficit, or hyposecretory dry eye; and 2) dry eye due to exces-
sive evaporation of tears, the so-called evaporative dry eye or
hyperevaporative dry eye given that it appears under normal
conditions [28].

More than 80% of patients have either a hyperevapora-
tive disorder, mainly caused by the Meibomian gland dys-
function, or a mixed hyperevaporative or hyposecretory form
of DED, while around 10% have a hyposecretory form of DED
[17]. Hyposecretory dry eye includes Sjögren’s syndrome,
non-Sjögren’s tear deficiency, and evaporative or hyperevap-
orative dry eye, but patients can simultaneously have both
conditions [8].

The most common form is age-related dry eye [29]. Be-
tween blinks, the aqueous layer of the tear film evaporates
to some extent in all people, regardless of whether they suf-
fer from DED or not. This results in a change in the tone
of the tear film (osmolarity), which furthermore accounts for
areas on the surface of the eye where the tear film has disap-
peared. Blinking the eyelid replenishes the outer lipid layer
covering the aqueous layer, relubricates, and redistributes the
lipid layer across the ocular surface [28]. Therefore, an intact
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outer lipid layer will ensure proper maintenance (and expan-
sion) of the aqueous layer.

Evaporative dry eye may be a consequence of the lack of
lipids produced by the Meibomian glands, poor compliance
and dynamics of the eyelids, low blink frequency, and the
effects of some medications (antidiabetics, antihypertensives,
antidepressants, thyroid drugs, and antihistamines) [8].

DIAGNOSIS OF DRY EYE DISEASE

Symptoms of dry eye are commonly perceived as the main
feature of the disease. However, except in severe cases, the re-
sults of diagnostic tests are completely the opposite, probably
because the diagnosis is based on a combination of subjective
and objective tests. Subjective symptoms are tested with
questionnaires, and the most commonly used are the Ocular
Surface Diseases Index (OSDI questionnaire), Dry Eye Ques-
tionnaire (DEQ questionnaire), National Eye Institute Visual
Function Questionnaire (NEIVFQ-25 questionnaire), Ocular
Comfort Index (OCI questionnaire), Symptom Assessment in
Dry Eye (SANDE questionnaire), Impact of Dry Eye in Ev-
eryday Life (IDEEL questionnaire), etc. [17, 30, 31].

The most commonly objective methods used in the diag-
nosis of dry eye diagnosis are Schirmer’s test and the Tear
Break-up Time Test (TBUT) [13, 17]. Schirmer’s test pro-
vides an insight into the quantity of tears, while TBUT tests
the stability of the precorneal tear film, i.e. the quality of
tears. There are other useful objective tests, such as conjunc-
tival (for the evaluation of goblet cells) and brush cytology
(for the evaluation of ocular surface inflammation), and mea-
surement of lysozyme and lactoferrin levels in tears [32].

THERAPEUTIC APPROACHES TO DRY EYE
DISEASE

A wide range of treatment options for DED are available,
all aiming to alleviate the symptoms experienced by patients,
improve visual acuity, and finally, improve patients’ quality
of life. The first line of treatment relies on the application of
artificial tears. They improve the symptoms experienced by
patients and can also alleviate ocular surface inflammation [2].
They do not have a direct anti-inflammatory effect [33], but
they dilute pro-inflammatory cytokines on the ocular surface
and reduce the osmolarity of the tear [2].

Symptoms of DED can be treated with anti-inflammatory
agents, topically and/or systemically, such as corticosteroids,
cyclosporine A, and doxycycline [21]. Based on the recent
Cochrane meta-analysis of 34 randomized controlled trials in-
volving 4314 adults diagnosed with DED of variable severity
and etiology from 13 countries [34], omega-3 fatty acids sup-
plementation in comparison to placebo/control supplementa-
tion showed promising results on DED symptoms.

For milder cases of DED, it is sufficient for a person to
avoid long exposure to screens or reading, which reduce blink
rate and promote evaporation of the aqueous layer of the tear
film. If prolonged screen time is impossible to avoid, short
breaks during these activities, and the use of artificial tears
are recommended to alleviate the symptoms. For more se-
vere cases, artificial tears without preservatives are required
in combination with anti-inflammatory agents or tetracyclines
(for inflammation and swelling of the Meibomian glands or
rosacea). Also, punctal plugs can be applied after the in-
flammation has subsided, glasses with a moisture retention
chamber, the application of autologous serum, contact lenses

can be prescribed or even permanent punctal occlusion and
surgery [31, 33].

OMEGA-3 FATTY ACIDS

The integrity and function of all cell membranes depend on
polyunsaturated fatty acids (PUFAs), which are a key player
in many chronic conditions of today’s society, from cardiovas-
cular diseases to cancer [35, 36], cognition [37], and neurode-
generation [38].

Omega-3 and omega-6 fatty acids are derived from two es-
sential fatty acids: 1) α-linolenic acid (ALA), which is a pre-
cursor to eicosapentaenoic acid (EPA), then further metabo-
lized to docosahexaenoic acid (DHA), members of the omega-
3 family; and 2) linoleic acid (LA), along with arachidonic
acid (ARA), members of the omega-6 family [35]. Beneficial
health effects are attributed to omega-3 PUFAs, i.e. EPA and
DHA [35, 39], but also to their derivatives, such as resolvins
and neuroprostanes [40, 41].

Since omega-3 and omega-6 fatty acids cannot be produced
in the body, diet and/or supplements represent their only
source. Table 1 shows their most important dietary sources.
ALA is concentrated in many plant-based foods, while EPA
and DHA are highly abundant in marine (aquatic) sources
[42–44].

Globally, fish consumption is low, which results in a diet
low in omega-3 fatty acids in all population groups [45–48].
An effective strategy proposed to improve EPA and DHA sta-
tus is the use of supplements containing omega-3 fatty acids
[42]. Depending on the outcome measure [37, 49, 50], doses of
omega-3 fatty acids supplements used across studies are most
commonly 2 or 3 g per day, but caution is needed with higher
doses where more adverse effects can be expected, including
diarrhea, dysgeusia, and bleeding tendency [51].

In terms of eye health, omega-3 and omega-6 fatty acids
are important in maintaining the homeostasis of the ocular
surface [16]. They were found to be effective in modulating
the inflammation in DED through improved composition of
the lipid layer of the tear film and promotion of the corneal
nerve regeneration [31]. In vitro, resolvin D1 reduces the syn-
thesis of inflammatory cytokines in the corneal epithelium
[52]. Another in vitro study found that resolvin D1 inhibited
pro-inflammatory cytokines production, including interferon

Table 1. Food sources of omega-3 fatty acids (prepared by
the authors based on the references [39–41])∗.

Food sources of ALA Food sources of EPA
and DHA

Plant oils, especially flaxseed
oil, soy, walnut, pumpkin

Herring

Seeds, especially flax, chia, hemp Salmon
Canola oil Sardines
Seaweed Mackerel
Nuts, especially walnuts Trout
Soybean Cod
Spinach Oysters, shrimps, scallops
Broccoli Sea bass
Beans Tuna

∗ ALA–Alpha-Linolenic Acid; EPA–Eicosapentaenoic Acid;
DHA–Docosahexaenoic Acid
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(IFN)-γ, IL (interleukin)-6, and tumor necrosis factor (TNF)-
α, and decreased cyclooxygenase-2 gene expression after hu-
man Meibomian gland epithelial cells were supplemented with
EPA and DHA [53].

SYSTEMIC EFFECTS OF OMEGA-3 FATTY
ACIDS IN DRY EYE DISEASE

The number of registered randomized clinical trials about
the effect of omega-3 fatty acids in DED (according to the
search conducted in January 2024 in the ClinicalTrials.org
registry) is 34. The majority of randomized clinical trials that
are analyzed in available systematic reviews and/or meta-
analysis support the efficacy of omega-3 fatty acid supplemen-
tation on the symptoms and progression of DED [34, 54, 55].
A more recent systematic-review and meta-analysis from
2023, found objective improvement in OSDI but not in other
objective measures of DED like Schirmer’s test. TBUT, or
corneal staining, after analyzing eight randomized clinical tri-
als including 1107 patients, concluded that no evident im-
provement was achieved in terms of DED after omega-3 fatty
acid supplementation [56].

Walter et al. [57] found an increase in the omega-6/omega-3
ratio in tear lipids, which was proportional to corneal staining
and the degree of the tear film dysfunction, suggesting that
omega-3 fatty acid deficiency in the tear film may act as a
promoting factor for the inflammation of the ocular surface.
Another mechanism through which omega-3 fatty acids act
protectively in DED is through their incorporation into the
lacrimal gland [58]. Concentrations of EPA and DHA in the
lacrimal glands increased after mice were supplemented with
EPA and DHA, increasing the height of the lacrimal meniscus
[59].

In a large population-based study, involving 32,470 women,
the risk of developing DED was more than doubled with a
higher ratio of omega-6/omega-3 intake (> 15:1 vs. < 4:1)
[11]. In the same study, the incidence of DED was 68% lower
in women with a higher intake of omega-3 fatty acids [11].

More interest is put on the role of neurosensory dysfunc-
tion in the etiology of DED [60], given that patients with DED
have changes in the corneal sensation and a reduced number
and density of the sub-basal corneal nerve plexus. Oral sup-
plementation with omega-3 fatty acids (combination of 1000
mg EPA and 500 mg DHA for 3 months) provided a neuropro-
tective effect in the corneal sub-basal plexus, which correlated
significantly with the extent of normalization in the tear film
osmolarity [61].

The study by Wojtowicz et al. [62] found that taking fish
oil (450 mg EPA and 300 mg DHA) every day for 90 days
increased the amount and quantity of tears that were pro-
duced without having a noticeable effect on the lipid makeup
of the Meibomian glands in the tarsus or the rate at which
the watery part of tears evaporated. Short-term supplemen-
tation with 360 mg EPA and 240 mg DHA per day for 30
days improved symptoms of DED, including tear volume and
stability [63]. For three months, taking the same amount of
omega-3 fatty acids (360 mg EPA and 240 mg DHA per day)
as a supplement eased DED symptoms, especially those linked
to computer vision syndrome. It also slowed down the rate at
which tears evaporated and improved the conjunctival epithe-
lium as seen by impression cytology [64]. TBUT scores, along
with DED symptoms, were improved after supplementation
with fish oil containing 1245 mg EPA and 540 mg DHA per
day for 12 weeks [65]. Another randomized clinical trial in

rosacea patients found that a 6 month supplementation with
omega-3 fatty acids significantly improved DED symptoms,
TBUT, Schirmer’s test, and the Meibomian gland score [66].
People with blepharitis and Meibomian gland disease (MGD)
who take flaxseed oil as a supplement (6000 mg/day, made up
of 55% ALA and 15% LA) have higher levels of omega-3 fatty
acids in their blood, lower levels of omega-6 to omega-3 in
their plasma, and better DED, TBUT, and Meibomian gland
test results [67]. Another randomized controlled trial on 50
DED with MGD patients randomized to either placebo (olive
oil) or 600 mg EPA and 1640 mg DHA per day for 8 weeks
found significant improvements in TBUT and MGD scores,
suggesting stabilization of the tear film [68].

However, the results of a multicenter double-blind random-
ized clinical trial, DREAM, involving 349 DED patients re-
ceiving 2000 mg EPA and 1000 mg DHA per day, and 186
patients with DED receiving a placebo (olive oil) during 12
months did not find significant improvement in any of the
observed outcomes between the two groups [69].

TOPICAL EFFECTS OF OMEGA-3 FATTY
ACIDS IN DRY EYE DISEASE

The innervation of the cornea is sensory, and any interrup-
tion can affect the morphology and function of the epithelium,
poor tear film production, and delayed wound healing.

The lacrimal gland secretion is controlled by the neural re-
flex arc of sensory afferent nerves (trigeminal sensory fibers)
of the cornea and conjunctiva. In this connection, damage to
the sensory nerves of the cornea impairs the function of the
lacrimal gland and can cause dry eye syndrome [70]. Dam-
age to the innervation of the cornea occurs during refractive
eye surgeries (PRK and LASIK are the most common pro-
cedures today). As many as 60% of people after the LASIK
procedure have dry eye syndrome one month after surgery,
and symptoms of irritation and dryness are felt by 50% of
people 6 months after surgery [71]. One prospective study
has found an 80% nerve density recovery within 2 years after
PRK, remaining stable at 5-year follow-up [72]. These results
suggest that for the recovery of the normal corneal surface,
proper regrowth of corneal nerves in the area of corneal ab-
lation is essential. This can be achieved through the topi-
cal application of nerve growth factor (NGF), responsible for
the survival, growth, and differentiation of sensory neurons
[73]. Researchers found that it worked better when mixed
with DHA; more epithelial cell proliferation was seen in the
basal corneal epithelium when NGF was used alone [70]. The
possible mechanism of action is through the activity of neuro-
protectin D1 (NPD1), the DHA-derived lipid mediator, which
poses anti-inflammatory and neuroprotective effects [70]. Ad-
ditionally, local application of resolvin E1 [74] and neuropro-
tectin D1 in combination with NGF [70] was also found to
alleviate inflammation in DED.

CONCLUSION

Low consumption of omega-3 fatty acids through diet re-
sults in a higher omega-6/omega-3 ratio, which reflects nega-
tively on the integrity and function of all cell membranes, in-
cluding the eye. Fast-paced lifestyles leading to shorter sleep,
prolonged period of time using a mobile or computer, and
sedentary lifestyles contribute to the development of DED.
However, due to its multifactorial presentation and symp-
toms that often overlap with other ophthalmological condi-
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tions, DED can remain undiagnosed for a prolonged time.
The negative impact, not only on a personal level but also
on society, has been well documented. The diagnosis relies
on both subjective and objective measures, and treatment
options currently available range from artificial tears, and
anti-inflammatory agents to other methods, including surgery.
More recently, several randomized clinical trials have found
that omega-3 fatty acids are an effective adjuvant therapy.
Supplementation with omega-3 fatty acids (a combination of
EPA and DHA) improved tear production, reduced tear evap-
oration, reduced inflammation markers, corneal nerve regen-
eration, and improved subjective symptoms of DED. Despite
variable doses and intervention duration, studies confirmed
omega-3 fatty acids to be safe and well tolerated. More stud-
ies are needed, especially prospective studies and those that
would analyze the combined effect of omega-3 fatty acids from
diet and supplements on DED incidence.
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Nejra Hodžić et al. Anb. Med. J. 20(1), 2024

Archives of ophthalmology, 130(1):90–100, 2012.
[21] H. Lam, L. Bleiden, C. S. De Paiva, W. Farley, M. E.

Stern, and S. C. Pflugfelder. Tear cytokine profiles in
dysfunctional tear syndrome. American journal of oph-
thalmology, 147(2):198–205, 2009.

[22] F. Brignole-Baudouin et al. A multicentre, double-
masked, randomized, controlled trial assessing the effect
of oral supplementation of omega–3 and omega–6 fatty
acids on a conjunctival inflammatory marker in dry eye
patients. Acta ophthalmologica, 89(7):e591–e597, 2011.

[23] K. G. Boboridis et al. Patient-reported burden and over-
all impact of dry eye disease across eight European coun-
tries: a cross-sectional web-based survey. BMJ open,
13(3):e067007, 2023.

[24] M. E. Johnson and P. J. Murphy. Changes in the tear
film and ocular surface from dry eye syndrome. Progress
in retinal and eye research, 23(4):449–474, 2004.

[25] D. Kopacz,  L. Niezgoda, E. Fudalej, A. Nowak, and
P. Maciejewicz. Tear film–physiology and disturbances
in various diseases and disorders. Ocular Surface Dis-
eases—Some Current Date on Tear Film Problem and
Keratoconic Diagnosis, pages 137–144, 2020.

[26] M. Labetoulle, M. Rolando, C. Baudouin, and G. van
Setten. Patients’ perception of DED and its relation with
time to diagnosis and quality of life: an international and
multilingual survey. British Journal of Ophthalmology,
101(8):1100–1105, 2017.

[27] J. A. P. Gomes and R. M. Santo. The impact of dry eye
disease treatment on patient satisfaction and quality of
life: A review. The ocular surface, 17(1):9–19, 2019.

[28] J. P. McCulley, W. E. Shine, J. Aronowicz, D. Oral, and
J. Vargas. Presumed hyposecretory/hyperevaporative
KCS: tear characteristics. Transactions of the American
Ophthalmological Society, 101:141, 2003.

[29] H. Nakamura, A. Kawakami, and K. Eguchi. Mecha-
nisms of autoantibody production and the relationship
between autoantibodies and the clinical manifestations in
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