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Dry eye syndrome (DES) is a common and multifactorial eye disease that can lead
to visual disturbance if left untreated. DES arises from various factors such as
reduced tear production and inflammation, affects the quality of vision, and can
potentially lead to other eye diseases such as pterygium, pseudo pterygium,
conjunctivitis, keratitis, corneal ulcers, and corneal dystrophy. Notably, there is an
intriguing link between DES and depression, a commonly diagnosed psychiatric
disorder characterized by decreased levels of neurotransmitters such as
serotonin, dopamine, and norepinephrine. Antidepressants prescribed to treat
depression work by increasing serotonin levels but paradoxically can lead to DES
and other ocular side effects. In particular, selective serotonin reuptake inhibitors
(SSRIs) and tricyclic antidepressants (TCAs) are known to contribute to DES
development. This article unveils the factors that trigger DES and sheds light on
the interconnected casual web. By explaining the intricacies of DES, this article
aims to provide physicians and patients with a deeper understanding of the
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condition, enabling better management and treatment outcomes.
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Introduction

Dry eye, also known as keratoconjunctivitis sicca
(KCS) or dry eye syndrome (DES), is a clinically chronic
condition often associated with the lacrimal glands. These
glands produce tears in the eye that keep the eye moist
and help prevent complications like DES. Two types of
lacrimal glands have been identified in the human eye;
the main lacrimal gland in the lacrimal pit of both eyes,
located in the anterolateral part of the roof of the orbit
below the eyebrow, and the additional lacrimal glands:
Kraus's glands and wolf's glands. DES is a common
complex eye disease considered multi-etiological eye
disease. It is characterized by decreased tear secretion,
inflammation, and damage to the eye's surface,
eventually leading to blurred vision.'

The clinical diagnosis of DES is based on evaluating
clinical features, signs, and symptoms, mainly through
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clinical testing. The patient complains of malaise, dryness,
itching, photophobia, temporary blurred vision, foreign
body sensation, and pain when blinking. These symptoms
usually worsen in hot weather.56 These symptoms may
lead to DES which can persist for many years and
adversely affect the patient's life.# The Basic clinical
testing is important for the diagnosis of DES because it
highlights the corneal and conjunctival features, specific
to DES. The diagnostic testing is based on Henrik
Sjogren’s work, performed using Rose Bengal stain.”?
Other tests for DES include the Schirmer test,
assessment of tear osmolarity, tear rupture time, and
performing tear meniscus weighting.'™'” The results of
these tests in DES are a decrease in marginal tear strip,
an increase in mucus production, and corneal filaments. It
does not primarily cause loss of visual acuity but impairs
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visual acuity due to the presence of corneal filaments and
filiform mucus discharge.'

In the past, the development of novel sensitive
treatment was refrained from due to the unknown etiology
of DES. The inflammation was later found to be
associated with DES, leading to the development of a
sensitive treatment."® It was later concluded that DES is a
multifactorial eye disease caused by changes in the
lacrimal glands,™ collagen diseases, and autoimmune
diseases.* ¢ DES can be classified as aqueous tear
deficiency and evaporative tear dysfunction. The latter is
due to environmental factors and Meibomian gland
dysfunction. The meibomian gland secretes sebum that
protects the eye from drying out. Malfunction of this gland
decreases sebum secretion and eventually leads to DES.
Tear deficiency is divided into four categories based on
possible causes: pure DED, primary Sjogren's syndrome,
secondary Sjogren's syndrome, and non-Sjogren's
syndrome. Pure DED is due to dysfunction of the lacrimal
gland. In addition, there may be congenital alacrima (no
tear production at birth), denervation hyposecretion (lower
tear production due to innervation defects such as in
trigeminal ganglion surgery), and idiopathic hyposecretion
(lower tear production due to an unknown cause). Primary
Sjogren's syndrome results from Sjogren's syndrome, an
autoimmune disease characterized by xerostomia (dry
mouth) and DES. Sjogren's syndrome is associated with
lymphatic inflammation and damage to the glands,
particularly the lacrimal and salivary glands. Secondary
Sjogren's syndrome is due to any other autoimmune
disease such as rheumatoid arthritis or systemic lupus
erythematous. Non-Sjégren's syndrome has other causes
such as ftrauma, infection, and inflammation.320
Regardless of the classification, DES is observed to be
based on a T-cell-mediated autoimmune response and
hyperosmolarity. This leads to a cascade of events in
which large amounts of chemical mediators, e.g. B.
serotonin, are released, which leads to cell damage.
Damaged epithelial and goblet cells cause tear film
instability, deficiency of normal mucus products, and
chronic inflammation, leading to DES.2-22 Treatment is
important as DES is one of the most common ocular
diseases and clinically presents as a chronic and
progressive disease.2? Occurrence varies and depends on
(i) age: older people are affected more often than young
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people, (ii) race: common in Asians, and (iii) the disorders
associated with  medical conditions, particularly
autoimmune disorders such as arthritis and systemic
Lupus erythematous or Sjogren's syndrome or other eye
diseases. Currently, DES in adolescents has been
reported because of prolonged exposure to the digital
screen and  certain  medications, such as
antidepressants.’

There are several studies demonstrating a link
between depression and DES as many depressed
patients have been diagnosed with depression.2*3! Most
importantly, antidepressants are the main cause of DES
in depressed patients.3233 DES is a complex eye disease
that consists of many symptoms and leads to chronic eye
diseases that can affect our vision. Therefore, in the
current review, we would like to highlight the association
between antidepressants and DES, as it is common in
patients with depression.

Figure 1: Normal reuptake mechanism keeps in check
the neurotransmitter concentration in the synaptic
cleft

Association Between DES and Depression
Depression as a Psychiatric Disorder

Depression is an idiopathic cognitive disorder caused
by a longstanding condition, substance abuse, or a
combination of social, economic, and genetic factors.33%
It is one of the most common mental disorders, if left
untreated it can lead to suicide in the worst case.? The
exact etiology of depression and its pathophysiological
basis need to be elucidated, hence it can be considered
simply as a multi-etiological disorder.3*38 Studies of the
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brain have found that the hippocampus, which is a crucial
part of the brain responsible for both memory and
learning, is primarily affected by stress and depressive
states. Therefore, it is a crucial target for
antidepressants.*#! The biochemical origin of depression
is due to the depletion of the monoamine
neurotransmitters ~ serotonin,  norepinephrine,  and
dopamine in the brain.3642  This is consistent with the
primitive monoamine hypothesis based on the mechanism
of action of first-generation antidepressants.#344
According to the monoamine hypothesis, low monoamine
concentration is the most important biochemical factor
leading to depression.? The monoamine hypothesis was
later discarded and replaced by the monoaminergic
receptor theory, which held that depression was due to a
defect in the postsynaptic monoamine receptors that
made them unresponsive to monoamine
neurotransmitters. In the 1980s, the monoaminergic
receptor hypothesis was developed, which suggested that
depression is due to decreased sensitivity of the
postsynaptic receptors, which are supposed to bind to the
monoamines produced by the presynaptic neuron.:46

Rrgrls s gy

Figure 2: Blockage of reuptake mechanism in
presence of antidepressants leads to increase of
neurotransmitter concentration in the synaptic cleft

An Overview of Antidepressants

Antidepressants, as the name suggests, are used for
the treatment as well as the management of depression.#’
The most prescribed antidepressants are selective
serotonin  reuptake inhibitors  (SSRIs), tricyclic
antidepressant agents (TCAs), serotonin-norepinephrine
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reuptake inhibitors (SNRIs), monoamine oxidase
inhibitors (MAQIs), and atypical antidepressants. Among
these antidepressants, TCAs and MAOQIs are prescribed
less frequently, and SSRIs and SNRIs are most
prescribed to treat depression.*®

Antidepressants have been divided into three groups:
first-generation  antidepressants  (FGAs),  second-
generation antidepressants (SGAs), and third-generation
antidepressants (TGAs). First-generation antidepressants
include TCAs and MAOIs, which were used in the 1960s.
Although MAOIs have been extremely influential drugs,
however, lack of selectivity and significant adverse effects
limited their prescriptions.#®%0 As an alternative, TCAs
were introduced which have been used to treat various
mental illnesses. However, due to their antagonistic effect
on the muscarinic, adrenergic, and histaminergic
receptors they have various systematic side effects.5!

The second-generation antidepressants are jointly
known as SGA and include drugs that were primarily
developed between the 1980s and 1990s. SGAs include
SSRIs, SNRIs, noradrenergic and specific serotonergic
antidepressants (NaSSAs), 5-HT2A antagonists-reuptake
inhibitors (SARIs), and noradrenaline reuptake inhibitors
(NARIs). Due to their minimal systematic side effects,
SSRIs are clinical substitutes for TCAs.5253 These drugs
are used as first-line treatment for depression in both
children and adults due to their improved drug safety
profile and efficacy.* They are prescribed to one in six
adults %% and are the most commonly prescribed
antidepressants SNRIs, NaSSAs, and NARIs are used as
the primary drugs of choice to treat depression. The third-
generation antidepressants are called TGAs, and their
mechanism of action is based on the non-monoaminergic
mechanism.

Mechanism of Action of Antidepressants

Drugs used to treat mental illness significantly affect
the nervous system and the release of
neurotransmitters.% At the synapses of the brain,
antidepressants target neurotransmitter pumps and the
presynaptic receptors. They regulate the concentration of
neurotransmitters at these synapses, altering the signal
transduction and downstream secondary signaling
pathways, which subsequently leads to long-term
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transcriptional changes in enzymes and receptors.5’
Several hypotheses have been proposed about the
mechanism of action of antidepressants: (i) monoamine
hypothesis-biogenic amine hypothesis, (i) monoaminergic
receptor hypothesis, (iii) signaling adaptation hypothesis,
and (iv) neuroplasticity hypothesis. According to the
monoamine hypothesis, antidepressants currently on the
market act on the principle of inhibition of the reuptake
mechanism and affect the concentration of
neurotransmitters at the synapses or in the presynaptic
neurons.® Depression is due to low levels of monoamine
neurotransmitters, among which serotonin is one of the
most  important  neurotransmitters  targeted by
antidepressants.® Antidepressants increase serotonin
concentration by blocking the reuptake pumps or
serotonergic receptors (SERT) in presynaptic neurons.%
Figure 1 and 2, thereby increasing serotonin levels in the
CNS,% making it available to postsynaptic receptors for
signaling.

The monoamine hypothesis cannot explain the
delayed therapeutic effect of antidepressants. The
increase in monoamine concentration should have been
achieved within a few hours but took longer, so this
hypothesis was rejected.* The monoaminergic receptor
hypothesis has been developed, and according to this
hypothesis, antidepressants affect the sensitivity of
presynaptic receptors rather than the reuptake
mechanism.* However, the delayed therapeutic effect
could not be understood and this mechanism could not
explain the mode of action of all antidepressants,
although the mechanism of action of SSRIs and TCAs
was consistent with this hypothesis.

The post-synaptic signaling mechanism is based on
the signaling adaptation hypothesis which was developed
to understand the delayed therapeutic effects of
antidepressants.  This  hypothesis  assumes  that
antidepressants induce adaptive changes in the post-
receptor signaling cascades and that these changes
occur slowly, leading to the observed delayed therapeutic
response.52 As neuroscience advanced in the 2000s, a
more advanced hypothesis emerged the neuroplasticity
hypothesis. According to this hypothesis, antidepressants
affect neuroplasticity, cellular flexibility, and synaptic
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plasticity.® The neuroplasticity hypothesis explains the
multiple mechanisms of the anti-depressant effects.

Regardless of the mechanism of action,
antidepressants affect monoamine neurotransmitters.
Serotonin is not the only neurotransmitter affected. Other
neurotransmitters affected are acetylcholine, dopamine,
and norepinephrine/noradrenaline.?” SSRIs such as direct
effect on the serotonergic and cholinergic systems and
therefore indirectly affect the dopaminergic and
noradrenergic systems.5' For example, SSRIs such as
fluoxetine have an antagonistic effect on one of the
serotonergic receptors, thereby indirectly increasing
norepinephrine  and  dopaminergic  transmission.5!
Similarly, through its direct anticholinergic effect,
paroxetine blocks norepinephrine reuptake and sertraline
blocks dopamine reuptake.® These drugs have 300- to
3000-fold higher selectivity for the serotonin transporter
compared to the norepinephrine transporter, and thus
block serotonin reuptake, resulting in an increase in
serotonin concentration in the synaptic cleft without
blocking activity at the alpha-adrenergic receptors.60.68
Therefore, they have minimal systemic side effects.
SNRIs and TCAs are not SERT specific and can directly
block norepinephrine reuptake pumps by a similar
mechanism,* thus TCAs have more severe ocular side
effects compared to SSRIs. TCAs are associated with
xerostomia, urinary retention, and constipation which are
part of Sjogren’s syndrome and thus can lead to DES due
to Sjogren’s syndrome.%0

The eye is the second most frequently affected organ
by drug poisoning after the liver3'% The eye is
susceptible to drugs because of its anatomical or
embryological structure. Although relatively small in mass,
the eye is blessed with a large and rich blood supply,
allowing any chemical in the blood to reach any part of
it.#2 Another reason for its medical vulnerability is the
eye’s visual system, which is made up of multiple tissues
lineages. The innermost layer of the eye, the retina which
is responsible for vision, is an embryological derivative of
the brain ectoderm.” Another factor that makes the eye
vulnerable to medical side effects is the high rate of
metabolism in the eye particularly in the retina and optic
disc.% The side effects of medicine on the eye can vary in
severity. It can range from complete absence to
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devastating consequences, and from transient and
reversible to completely irreversible.%

Antidepressants can cross the blood-brain barrier and
enter the central nervous system (CNS), where they
enhance their therapeutic effect. They also affect the
peripheral nervous system and smooth muscle fibers.3
Because the eye is an embryonic derivative of the CNS,
any psychiatric drug can harm it. All antidepressants have
various side effects on the eye.*! These include DES,
decreased accommodation (accommodation is the ability
of our lens to change shape depending on our distance
from the observed object), blurred vision (mainly with
paroxetine), mydriasis (dilated pupils), cycloplegia (ciliary
muscle paralysis), ocular dystonia (rarely), optic
neuropathy (rare), maculopathy (with sertraline),
retinopathy, lid enlargement, and angle-closure glaucoma
are most common.3* Antidepressants that play an
important role in triggering DES include TCAs % and
SSRIs.3*38 Error! Reference source not found. lists all
drugs that belong to these anti-depressant classes.

SSRIs are known to cause and exacerbate depression
due to their impairment of watery and mucous secretion.2®
SSRIs have a direct effect on the serotonergic and
cholinergic systems and therefore indirectly affect the
dopaminergic and noradrenergic systems.3! These drugs
compete with  acetylcholine, a parasympathetic
neurotransmitter, for the postsynaptic muscarinic
receptors. Since the nervous innervation for tear flow is
only parasympathetic and thus competes with
acetylcholine, SSRIs interfere with its signaling. This
leads to tear film instability caused by decreased signaling
to tear secretion.?0 Another possible reason for the
occurrence of DES could be the increased serotonin level
in the eye.% Serotonin in the tear film influences corneal
nociceptor sensitization, high serotonin levels decrease
corneal sensitivity and tear flow.% Elevated levels of
serotonin contribute as an ocular surface inflammatory
agent and therefore lead to apoptosis in the corneal
epithelium, which is a clear clinical sign of DES.5 ¥ To
assess the significant changes in ocular structure, tear
films of patients consuming SSRIs were examined.
Approximately 75% of patients taking SSRIs had tear
breakup times of less than 10 seconds and more
discoloration of superficial corneal epithelial dots.
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However, no significant difference was observed in the
Schirmer 1 test. These results showed that serotonin
largely affected the ocular surface by reducing corneal
sensitivity but had no effect on tear production. Elevated
levels of serotonin can decrease tear film sensitivity, tear
reflexes, and corneal nerve sensitivity, causing DES.2°

The TCAs have an anticholinergic effect, a
serotonergic effect, and an antihistaminic effect, all of
which together contribute to DES.3' TCAs most commonly
cause mydriasis and cycloplegia along with blurred vision
and/or  presbyopia. TCAs antagonism to the
noradrenaline\norepinephrine uptake and its effects on
alpha-adrenergic receptors stimulate DES and other
ocular side-effects. SSRIs have a significantly higher
propensity for dry eye syndrome than TCAs.3¢

Preventing Antidepressants-Induced DES

Precaution is the key to avoiding DES, especially
when it occurs due to medication. Antidepressants are the
only therapeutic indication for the ftreatment or
management of not only depression but other mental
health conditions such as anxiety and stress. Patients
who are about to start taking SSRIs or other
antidepressants should be well-informed about all the
details of the drug. Likewise, the psychiatrist should
always point out the possible side effects of the drugs and
instruct the patient to be aware of any noticeable changes
in normal bodily function.® A routine ophthalmologic
examination to clarify possible ocular side effects is also
required. If psychiatrists, optometrists, and patients are
aware of all potential side effects of the drugs used and
take early precautions, most serious and potentially
irreversible eye damage can be prevented.3!-33

Healthy communication with the patient is the duty of a
healthcare professional and is essential to the treatment
of the patient.2 Studies suggest that the behavior of
patients and psychiatrists toward each other leads to an
increase in the unhealthy use of antidepressants. When
taking medication over a long period, psychiatric patients
often fail to reveal and explain their visual symptoms in
detail.22% This can either be due to patient discomfort
towards the psychiatrist or substance abuse or overuse
on the part of the patient.® But the delayed recognition of
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DES makes it chronic and the prognosis is usually
delayed, mostly leading to other chronic eye diseases. 82!

The ocular side effects mostly vanish by stoppage of
the medicines in use but in clinical practice, artificial tears
are usually prescribed.? Newer antidepressants like
SSRIs and SNRIs should be preferred and in the case of
TCAs desipramine and nortriptyline should be preferred
as they have less anticholinergic side effects.” SSRIs are
known to cause DES and since SSRIs are the most
effective drugs against depression and are used as a
drug of choice for the treatment of depression, therefore,
their use cannot be discontinued. So, to overcome the
anticholinergic side effects of either TCAs or SSRIs it is
recommended to use pilocarpine 1% solution 1 drop
almost four times daily, cholinergic agents such as
bethanechol chloride which is used 10-30mg/day and
contact lenses.%

But if the complications still exist it is recommended to
use other classes of antidepressants like SNRIs which
can also inflict DES but to a lesser extent as compared to
SSRIs. NaSSAs, SARIs, NARIs, MAO inhibitors, TGAs,
and other atypical antidepressants can also be brought
into application in case of chronic DES.

Discussion

DES is an ocular syndrome that can lead to other
ocular disorders if left unchecked."3 This condition is
increasing in developed countries though it is considered
multifactorial, and its proper etiology is still not
understood.* DES is linked with xerostomia, mainly in
Sjogren syndrome, which is an inflammatory disorder
marked by decreased glandular secretions. 222 This
association is owing to etiological reasons.2 DES is
managed by tear gel or artificial tears but to treat DES the
etiological cause should be eradicated.” DES is also an
adverse effect associated with the application of
antidepressants.38 Depression is one of the most
common mental disorders. In scientific language, it is a
deficiency of monoamine neurotransmitters such as
serotonin, norepinephrine, and dopamine in certain areas
of the brain.#2 Depression is treated or combated with
antidepressants.#” The primary mode of action of these
drugs, as suggested by the monoamine theory, is to
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increase the levels of neurotransmitters such as serotonin
and norepinephrine 28

Researchers in recent years have found that
depression is usually followed by DES and that most
depressed patients are likely to be diagnosed with DES
as an associated eye disease.?® There are reports of the
association between psychiatric disorders and DES.24-3031
In research DES in patients with depression has been
diagnosed as a subjective symptom rather than an
objective symptom.f It has been hypothesized that DES
symptoms are more severe in patients with more severe
depressive symptoms since somatic disorders tend to
worsen when depression occurs.'®

Therefore, it was hypothesized that the prognosis of
DES in depression patients would be slow. However,
research has not observed a significant difference
between the prognosis of DES in healthy patients and
that in patients with depression.'® Hence, it could not be
understood why depression was associated with DES.
Studies showed that the level of serotonin in the tear film
was elevated, eventually leading to DES. This showed
that antidepressants were a cause of DES in patients with
depression,™ since serotonin level increased is the main
function of these drugs to treat depression. 8

Many studies suggest that DES is related to
antidepressant use,'® however, the link between DES and
antidepressants could not be confirmed because only two
of the studied population used antidepressants, and even
after their removal the test results were not changed since
the test was performed on a small number of patients it
can be assumed that the results might have been
different in a larger number of patients.>® It is not
necessary that DES be followed by depression but that
depression can lead to DES its biological and pathological
components.®

DES patients experience lifelong discomfort in their
eyes, giving them a constant sense of grief and
discomfort, leading to depression.® Depression is a
common finding in eye patients as it can have a major
impact on the patient's life.3” However, more research is
needed to understand the association between
depression and antidepressants in DES.
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Table 1: List of medicines used for the treatment of depression, leading to dry eyes syndrome

Drug . Therapeutic . .
Drug name Ocular side-effect o Action mechanism References
Class indication
Clomipramine Decreased lacrimation and o
. . o Neuropathic pain, .
(Anafranil, Placil), dry eye, mydriasis, . Inhibit reuptake of both
. . post-traumatic .
Doxepin (Deptran, cataracts, blurred vision, . serotonin (5HT) and nor-
. o stress disorder, '
Sinequan), Nortriptyline | corneal edema, corneal . adrenaline/nor-
. o obsessive- . o
(Allegron, NortriTABS), | epithelial keratopathy, . epinephrine into pre-
S ] . . compulsive . . (34-38, 42,
TCAs | Imipramine (Tofranil, abnormal pigmentation of . synaptic nerve terminals
' o disorder (OCD), ' | 52,53, 56)
Tolerade) the eyelids/ conjunctiva or ' . by acting on serotonergic
_ o . . phobias, panic
Dosulepin/dothiepin cornea or peripheral retina, | receptors (SERT) and
o disorders, and .
(Dothep), Amitriptyline | and acute angle closure . alpha-adrenergic
. _ generalized
(Endep, Entrip), glaucoma due to pupil . receptors.
. anxiety.
Chlorpromazine block.
Escitalopram (Lexapro),
Fluoxetine (Fluotex,
Lovan, Prozac, Prozet, _
. . o Generalized
Zactin), Fluvoxamine Dry eye, mydriasis, . .
. . anxiety disorder,
(Facerin, Luvox, intraocular pressure bivol
ipolar
Movox, Voxam), elevation, acute angle _ Inhibit reuptake
. o depression, B
Sertraline (Eleva, closure crisis Rare: ocular . specifically of 5SHT by (34-38, 42,
SSRIs . S OCD, panic o
Sertra, Sertracor, dystonia, oculogyric crisis, . binding to SERT 52, 53, 56)
o . disorders, post-
Setrona, Xydep, Zoloft), | diplopia, optic neuropathy, .
traumatic stress
Paroxetine (Aropax, maculopathy (sertraline), .
. , . disorder, and
Extine, Paxtine, Roxet, | eyelash loss (escitalopram) . .
. . social phobia
Roxtine), Citalopram
(Celapram, Celica,
Cipramil, Talam)

Conclusion

Systemic side effects can also occur during therapy in
people suffering from depression. Disorders such as DES,
in particular, are common in people with depression and
are often associated with the use of antidepressants. To
mitigate these issues, raising patient awareness and
maintaining a strong patient-physician relationship are
vital to not only combat depression without relying solely
on antidepressants but also to prevent potential side

https://doi.org/10.32593/jstmu/Vol7.lss1.249

effects such as DES. Physicians must carefully evaluate
patients prescribed antidepressants and educate them
about potential visual effects to allow for timely detection
and treatment. Emphasizing a proactive approach,
avoiding depression altogether, and adopting a healthy
lifestyle are important steps in protecting against
associated pathologies. By recognizing the complex
relationship between mental health and eye health, one
can empower patients to take responsibility for their well-
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being and embark on a journey of individual healing and
resilience. Together, we can envision a future where
comprehensive care and patient-centered strategies lead
to better, healthier, and more fulfilling lives for those
struggling with depression and its complexities.
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