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Abstract

Tear film dysfunction is a unifying characteristic of dry eye disease (DED), propelled by an intricate
interplay of intrinsic and extrinsic drivers. This article explores the complex pathophysiology of tear film
instability, including abnormalities in the lipid, aqueous, and mucin layers. The involvement of
inflammation and neurosensory changes in disease pathology is also discussed. Current and future
therapeutic modalities are addressed, emphasizing targeted therapies designed to restore tear film
homeostasis and enhance patient outcomes in managing DED.
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1. Introduction

Dry Eye Disease (DED) is a common, multifactorial illness characterised by tear film instability leading to
visual disturbances and eye discomfort, and largely affecting quality of life. Initially considered trivial,
DED today is recognized as a condition entailing hyperosmolarity, inflammation, and neurosensory
abnormality. The tear film is the eye's vital environmental interface, maintaining corneal lubrication,
clarity, and immunological protection. The increasing worldwide prevalence of DED is attributed to aging,
environmental stress, and the use of digital devices. This review discusses the pathophysiology, triggering
factors, and treatment options for DED and emphasizes the latest research breakthroughs and new
strategies to enhance patient outcomes.

2. Pathophysiology of DED

The progression and severity of DED are greatly affected by the inflammation that is a component of the
pathophysiology of this condition. Either decreased tear secretion (aqueous-deficient dry eye) or
elevated tear evaporation (evaporative dry eye) is the typical etiology of dry eye, and results in
hyperosmolarity and instability of the tear film (1). These ocular surface epithelial cells are under stress
due to tear hyperosmolarity, which leads them to produce pro-inflammatory cytokines like tumor
necrosis factor-alpha (TNF-a), interleukin-1 (IL-1), and interleukin-6 (IL-6). Dendritic cells and CD4+ T
lymphocytes, particularly the Thl and Thl7 subsets, are some of the immune cells that are attracted and
activated by the inflammatory cascade initiated by these cytokines. These activated T cells secrete more
pro-inflammatory cytokines, such as interleukin-17 (IL-17) and interferon-gamma (IFN-y), that reduce tear
film stability, inhibit mucin formation, and further damage the ocular surface by inducing loss of goblet
cells (2). The underlying immunoinflammatory mechanisms in the pathophysiology of the eye are
illustrated in Figure 1.
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In addition, the barrier function of the cornea is disrupted, epithelial tight junction proteins are
degraded, and further damage to the epithelium is induced by inflammatory mediator-induced
upregulation of enzymes like matrix metalloproteinase-9 (MMP-9). The outcome is a cycle of escalating
inflammation, unstable tear film, and ocular surface injury. The injured sensory nerves release
neuropeptides like substance P and calcitonin gene-related peptide (CGRP), which induce vasodilation,
recruitment of immune cells, and cytokine release (2,3). Inflammation eventually extends to the lacrimal
glands, impairing their ability to produce tears. The chronic inflammation ultimately leads to a self-
perpetuating cycle in which immunological activation, damage to the epithelium, and tear deficiency
reinforce each other. This cycle explains the progressive and chronic nature of DED and highlights the
importance of anti-inflammatory therapies such as lifitegrast, corticosteroids, and cyclosporine in
managing the disease and restoring ocular surface homeostasis (3).
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Figure 1. Immunoinflammatory mechanisms in dry eye disease (4)

3. Triggers of tear film dysfunction

The tear film, crucial for healthy eyes, can be compromised by a variety of influences, leading to dry eye
(5) (Table 1). Systemic diseases like Sjogren's syndrome, rheumatoid arthritis, and lupus are known
conditions, as are specific drugs like antihistamines and diuretics. Environmental factors like low
humidity and prolonged screen time can also contribute in tear film failure (6).

Table 1. Triggers of tear film dysfunction

Risk factors for dr ——
S. No. . y Description Ref
eye disease
Meibomian gland MGD is a prevalent cause of dry eye and results from the
1. g meibomian glands (located in the eyelids) secreting too little (7)

SRS (ic12) or altered oil, which is critical for the tear film's lipid layer.

Rheumatoid arthritis, lupus, sarcoidosis, and Sjégren's
2. Autoimmune diseases syndrome are autoimmune diseases that can harm the tear (8)
glands and decrease their ability to produce tears.

Several drugs, including diuretics, antihistamines, and

3. Medications . .
antidepressants, can decrease tear production.

(9)
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10.

Dry or windy conditions may cause more tears to evaporate.
Environmental factors Smoky atmospheres: Irritants may lead to dry eye by
damaging the surface of the eyes.

The tear ducts may constrict or obstruct as people age,

Agin S .
8ing resulting in excessive tears.

Tear production may be affected by hormonal changes that

Hormonal changes . S
g occur during menopause, pregnancy, or thyroid disorders.

Contact lens wear Contact lenses can damage the tear film.

Blinking infrequently, such as while looking at displays,
Infrequent blinking causes evaporation to rise and tear film stability to decrease,
leading to tear film dysfunction.

Eye surgery A specific kind of eye surgery may impact tear film stability.

Tear film dysfunction or dry eye can result from neurological

Neurelegs Ceneliens disorders that interfere with the tear film.

4. Therapeutic strategies for dry eye disease

Therapeutic approaches to DED focus on restoring tear film stability, diminishing inflammation, and
alleviating symptoms (17). Therapy involves artificial tears, punctal occlusion, anti-inflammatory
medications such as cyclosporine, and treatment of meibomian gland disease. New therapies include
autologous serum, platelet-rich plasma, and surgery, with new biologics and gene therapies representing

(10)

(12)

(14)

potential for the future (18). Some of the current therapeutic approaches are presented in Table 2.
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Figure 2. Future direction and research gaps of dry eye disease treatment
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Table 2. An overview of therapeutic strategies for dry eye disease

S. No. Therapy Class Examples Mechanism of Action Ref
. Suppress T-cell activation, prevent
. Cyclosporine A, - -
Anti-inflammatory L the production of cytokines, and
1. Lifitegrast, . . (19)
agents Corticosteroids stop the interaction between LFA-1
and ICAM-1
5 Immunomodulatory Tre e, Aneldn Calcineurin inhibitor ('Tacrohm.us); 20)
agents IL-1 receptor antagonist (Anakinra)
Lubricants Sl Stabilization of tear films;
3. . cellulose, . . (21)
(Artificial tears) . . mechanical protection
Hyaluronic acid
Stimulate aqueous and mucin
4, Secretagogues Diquafosol,Pilocarpine secretion via P2Y2 receptors (22)
(Diguafosol)
5 MMP inhibitors Doxycycline ' MMP—Q inhibition and ' (23)
(low-dose oral) anti-inflammatory properties
. . Autologous serum, Provide growth factors and
6. pleseice. e Platelet-rich plasma mediators that reduce inflammation (24)
7. Punctal occlusion Plastic plugs/Silicone Decrease tear leakagg and improve (25)
tear retention
Thermal pulsation / Lipi Flow, Warm Boost meibomian gland activity and
8. . - . (26)
Lid hygiene compresses lower evaporative DED
9 Novel therapies RGN-259 (Thymosin B4), Promote the repair of ep|thel|um; 27)
Mesenchymal stem cells reduce inflammation
. . Omega-3 supplements, L .
Adjunctive - Anti-inflammatory dietary support;
10. Environmental . (28)
measures reduce evaporative stress

5. Conclusion

modifications

In recent years, the understanding of DED has evolved beyond the traditional view of DED as merely a
deficiency in tear production, and studies have established that inflammation is a central component in
its pathogenesis. Elucidating the initiating factors, developing further understanding of mechanisms
underlying inflammation and tear film dysfunction, and formulating novel treatment strategies that
specifically address the fundamental causes of the disease should remain the primary research
objectives. From identifying triggers and clarifying the pathophysiological mechanisms to designing
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more specialized and effective treatment strategies, future research on DED is to bridge the gaps in tear
film failure knowledge (Figure 2). In moving the field forward, a multidisciplinary approach involving
immunology, regenerative medicine, molecular biology, and personalization of therapy will be
necessary. Additionally, improving diagnostic procedures and expanding investigations into the
extended impact of DED will ultimately lead to better patient outcomes, improved quality of life, and
more effective management of this incapacitating condition.
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