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1. Introduction

Dry eye disease (DED) is one of the most common ophthalmic disorders that is 
associated with significant vision-related, lifestyle, and economic burdens [1–3]. 
DED is defined 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” [4]. The tear film is composed 
of a muco-aqueous layer protected by a lipid layer against evaporation and anchored 
to the corneal surface by a glycocalyx layer. Both the quantity and the quality of the 
tear film are important in maintaining ocular surface homeostasis [5]. Regardless of 
the underlying etiology, tear hyperosmolarity is the core component in the patho-
physiology of the DED. It triggers a cascade of events that eventually leads to reduced 
expression of glycocalyx mucins, apoptotic death of surface epithelial cells, and loss 
of goblet cells, which in turn aggravates the hyperosmolarity state and produces a 
vicious circle [6]. An increase in tear osmolarity may result from decreased aqueous 
production, excessive evaporation, and, more commonly, a combination of both [4]. 
Both conditions manifest tear instability, defective tear film protection of the ocular 
surface, and surface damage.

The etiology, pathophysiology, diagnosis, evaluation, and treatment of DED 
have been studied and reviewed extensively. Due to the rapid growth of research 
data in this field, which has resulted in remarkable advances in understanding the 
risk factors, etiologies, and mechanisms of DED, along with the development of 
novel diagnostic and therapeutic strategies, regular updates on the recent findings 
and evidence are mandatory. For instance, a simple PubMed search using “dry eye 
disease” keyword returns more than 700 review articles (accessed on 1st May 2023), 
more than half of which have been published over the past 3 years.

2. Etiology and risk factors

DED is a multifactorial disorder with a complex interaction between intrinsic 
and extrinsic factors. Aging, hormonal changes, systemic diseases and medica-
tions, environmental conditions, contact lens wearing, eyelid abnormalities, and 
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meibomian gland dysfunction (MGD) have been implicated in the development of 
DED. In recent years, factors such as lifestyle, societal, and environmental changes 
have been highlighted in recent studies as potential risk factors for DED that can 
threaten ocular surface health. In addition, the emergence of the COVID-19 pandemic 
and issues related to lockdowns have brought factors such as prolonged use of elec-
tronic devices and face masks and limited access to medical care during the lockdown 
periods to researchers’ attention as important risk factors for the development and/or 
worsening of DED [7–10]. The impact of lifestyle changes (e.g., increased screen time 
and reduced outdoor activity) and environmental challenges (e.g., global warming 
and food insecurity) on the development, course, and management of DED requires 
further studies. Computer vision syndrome is another example of emerging risk fac-
tor for DED [11]. Evidence regarding the genetic predisposition to DED are limited, 
though further investigation can improve our understanding of the etiology and 
mechanisms of DED [12].

3. Diagnosis, classification, and evaluation

Diagnosis, classification, and evaluation of DED have evolved significantly over 
the past decade. Ancillary tests have been used extensively for diagnosing DED, 
determining the severity, classifying the underlying pathophysiology, and monitoring 
the disease course and response to therapies. Although a range of standard methods 
for evaluation and classification of DED has been developed and validated, newer 
techniques and endpoints need further investigation before they can be used in clini-
cal trials as outcome measures. The tear film and ocular surface dry eye workshop II 
Diagnostic Methodology Report recommends that several factors be considered when 
diagnosing and evaluating DED. These factors include evaluating the symptoms and 
assessing the impact on vision quality. In addition, tear stability, tear volume, tear 
film composition, ocular surface damage, inflammation, and eyelid co-morbidities 
[13]. Ocular surface disease index (OSDI) and dry eye questionnaire-5 (DEQ-5) are 
the most common questionnaires used in clinical settings including clinical trials and 
are recommended by the DEWS II for the initial evaluation of dry eye symptoms. A 
comprehensive review of available questionnaires used in clinical studies and practice 
can be found in TFOS DEWS II Epidemiology Report – 2017 and a thorough review 
article by Okumura and colleagues [1, 14].

Numerous methods have been described to assess tear film stability. The tear film 
breakup time (TBUT) measures the time between a complete blink and the appearance 
of the first break in the tear film. TBUT is typically measured by applying fluorescein 
and observing the appearance of dry spots (FTBUT). An abnormal result is indicated 
if dry spots appear in less than 10 seconds. TBUT tests can have drawbacks such as low 
sensitivity and specificity, the use of fluorescein, which can affect measurements, and 
an invasive nature that can be uncomfortable for patients [15, 16]. Noninvasive breakup 
time (NIBUT) measurements have become increasingly popular in clinical practice and 
research due to the limitations of standard TBUT tests. Specialized equipment such as 
corneal topography systems, keratometers, videokeratoscopy, and interferometry-aided 
devices are typically used to perform these measurements [17–20].

Thermography, aberrometry, osmolarity variability, and tear evaporation rate 
are other methods to assess tear stability [13]. Tear evaporation is usually assessed 
by studies on the tear film lipid layer (TFLL) and meibomian gland structure and 
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function. Several interferometry and thermography instruments have been intro-
duced to measure the TFLL thickness and dynamics [21, 22]. Various methods are 
used to assess tear volume, including Schirmer’s test without anesthesia and stimula-
tion, which is the most popular method. Another technique to indirectly assess tear 
volume is strip meniscometry, which measures the lower tear meniscus volume. 
Tear meniscus height (TMH) can also be measured using slit-lamp bio-microscopy 
or digital imaging to estimate tear volume and determine aqueous deficient sever-
ity. Recently, optical coherence tomography (OCT) has emerged as a more precise 
method to measure tear film-related parameters. Staining of the cornea, conjunctiva, 
or lid margin by the fluorescein and/or Lissamine green is a reliable marker of ocular 
surface damage in the setting of DED. In vivo confocal microscopy [23], impression 
cytology [24], and ocular surface sensitivity [25] assessment are other methods to 
evaluate surface damage.

4. Treatment

Treatment strategies may vary depending on factors such as the type of DED (i.e., 
aqueous tear deficiency, evaporative tear deficiency, or combination of both), disease 
severity according to clinical signs (e.g., ocular surface damage) and subjective 
symptoms (e.g., blurred vision, pain, etc.), impact on the daily living activities and 
quality of life, and the underlying condition. While most mild cases can be managed 
by conservative measures, severe cases with a major impact on the quality of life may 
require a more aggressive treatment or surgical intervention.

Lubricating agents such as artificial tears are the mainstay of the treatment 
of DED. Numerous formulations and combinations of artificial tears are com-
mercially available [26]. In addition, multiple new formulations and compounds 
are under investigation in clinical trials (e.g., NCT04701086, NCT05356728, and 
NCT04702776). Anti-inflammatory drops play an indispensable role in the manage-
ment of moderate to severe dry eye, especially DED associated with Sjögren syn-
drome (SS). While corticosteroids and nonsteroidal anti-inflammatory drops such 
as cyclosporine and tacrolimus eye drops are being widely used for the treatment of 
DED in primary SS and chronic graft versus host disease [27, 28], novel agents are 
under investigation in various clinical trials (e.g., NCT04819269, NCT05201170 and 
NCT04792580).

MGD is a major cause of evaporative dry eye. Evaluation and management of 
MGD can be challenging. Noninvasive assessment of using in vivo confocal micros-
copy and anterior segment OCT can provide useful information regarding the 
structure and function of the meibomian glands [29]. Warm compress and lid hygiene 
are still the main treatments for MGD. Other methods such as intense pulsed light and 
vectored thermal pulsation therapy have shown promising results [30, 31].

Although conservative and medical treatments can effectively ameliorate the 
symptoms of DED in many patients, severe cases may require additional measures 
including scleral contact lenses such as prosthetic replacement of the ocular surface 
ecosystem [32], minimally invasive interventions such as temporary or permanent 
punctal occlusion [33], or more invasive surgeries such as tarsorrhaphy and sali-
vary gland and oral mucosal grafting [34, 35]. A combination of these approaches 
may be used in extreme cases to prevent devastating complications such as corneal 
perforation.
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5. Conclusion

The emergence of lifestyle, environmental, and societal risk factors and develop-
ment of novel evaluation techniques and treatment strategies for DED warrants 
regular updates on the most recent advances and their impact on the practice pattern. 
The prolonged use of visual display terminals continues to be a growing concern 
regarding ocular surface health and can be a major risk factor for DED in the coming 
years. Global warming and air pollution are other potential major risk factors for 
DED in the future. Recent advances in the objective assessment of the tear film and 
meibomian glands were useful for the classification and evaluation of DED and are 
gaining popularity as accurate and reliable outcome measures in DED clinical trials. 
Similarly, artificial tear formulations have evolved notably, which may result in better 
ocular surface protection index and more efficient and prolonged symptom relief. In 
addition, novel topical anti-inflammatory drugs that selectively block immunologic 
responses in the ocular surface have shown promising results in clinical trials. Finally, 
cell and gene-based therapies may offer permanent solution for DED in certain 
circumstances, which requires further exploration in the future.
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