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Abstract: Dry eye disease (DED) is a common disease that can impair quality of life
significantly. Its prevalence increases with advancing age, and the economic burden of the disease
on both a patient and the society is increasing with elongation of life expectancy. The diagnosis
and treatment of DED are often difficult due to the discordance between symptoms and signs of
the disease. Recent studies have suggested the role of neurological or psychological factors in
the development of dry eye symptoms and discrepancy of the symptoms and signs, particularly
in elderly patients. In this review, the authors discuss the association of DED with various psy-
chiatric and neurological disorders. In addition to psychiatric conditions, including depression,
anxiety, stress, posttraumatic stress disorder and sleep disorders, medications for the psychiatric
disorders have association with DED. Neurological disorders, such as neuropathic pain, chronic
pain syndrome, peripheral neuropathy and several central nervous system disorders, are related to
DED. Treatment of DED, combined with psychiatric or neurological disorders, is also discussed.
Attention should be paid to the DED patients with discordant symptoms and signs, and unsatis-
factory response to conventional treatment for associated psychiatric or neurological disorders,
as well as an integrated treatment approach, could be helpful for these patients.

Keywords: depression, dry eye disease, neurological disorder, neuropathic pain, psychiatric

disorders, sleep disorder

Introduction

Dry eye disease (DED) is one of the most common ophthalmologic disorders." It is
associated with symptoms including ocular discomfort, pain, dryness and foreign body
sensation, which can impair the quality of life of millions of people worldwide.! In terms
of economic burden, DED has become a major public health problem.? DED poses
an average cost of $11,302 per patient and an estimated overall cost of $55.4 billion
to the US society annually.?

DED becomes more prevalent with increasing age.*° In a male population
aged =50 years in the US, the prevalence of DED increased with age, from 3.90% among
men of 50-54 years of age to 7.67% among men =80 years of age.” Similarly, among
adult US women, DED prevalence increased from 5.7% in a group <50 years of age
t0 9.8% in a group =75 years of age.® The prevalence of DED in an adult population
of age =50 years in the US was reported to be 4.34%, or 1.68 million, among males,
and 7.8%, or 3.23 million, among female subjects.”® Our previous study revealed
that the prevalence of DED in an elderly Korean population of age =65 years was
33.2%.° Thus, with elongation of life expectancy, the economic burden of DED on
both a patient and the society is expected to be increasing,'® which underscores the
importance of the understanding of the pathogenesis of and development of effective
treatment methods for DED in elderly patients.
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As the International Dry Eye Workshop in 2007 defined
the DED as a multifactorial disease,'! DED represents a
heterogeneous collection of clinical disorders caused by vari-
ous pathophysiological etiologies.'>!* Disparity between com-
mon dry eye symptoms and signs has been reported, which
makes the diagnosis and treatment of DED difficult.*!4¢
Although this discrepancy can partly be explained by the
limited reliability of the dry eye tests currently available;
individual differences in cognitive response to dry eye
questionnaires,’ the heterogeneous nature of DED and indi-
vidual variability in the perception of dry eye symptoms may
also play an important role.’ In particular, studies focused on
the association of DED with neurological or psychiatric disor-
ders have suggested the role of neurological or psychological
factors in the development of dry eye symptoms, particularly
in elderly patients.>!>!72! Vehof et al'” recently showed that
severe dry eye symptoms unproportional to external signs
were associated with lower level of self-perceived health.
Shtein et al* revealed that DED patients with discordant
symptoms and signs had reduced corneal nerve density and
lower visual quality-of-life scores, suggesting the presence of
central neurological pathophysiology modulating the ocular
symptoms. A study by Galor et al'> on US veterans with mean
age of 65 years also demonstrated that dry eye symptoms
were more closely related to depression and posttraumatic
stress disorder (PTSD) than tear film parameters, suggesting
an association between DED and psychiatric disorders.

In this review, we aim to provide an overview of the
association between DED and neurological or psychiatric
disorders, in addition to discussing the underlying
pathophysiological mechanisms and treatment methods for
dry eye symptoms combined with psychiatric or neurological
disorders.

Association with psychiatric
problems

Depression, anxiety, stress and PTSD
Population-based studies have shown the association of
DED with depression, anxiety and stress.!*?2 In a study
on elderly Koreans of age 65 years or older, Kim et al®
revealed that depression was related to dry eye symptoms
in patients with normal or mildly reduced tear production.
In a large population-based study including 6,655 women
of =19 years of age, Na et al® revealed that subjects with
DED showed increased risk of experiencing severe psycho-
logical stress, anxiety and depression. Yilmaz et al* also
reported that subjects with depression, stress and anxiety are
more prone to DED.

Studies on US veteran populations also indicated an
association of DED with depression and PTSD, which
was suggested to be caused by shared pathophysiology
or medications prescribed for psychiatric diseases.>%?’
Szakats et al?® demonstrated that the scores of the psycho-
logical questionnaires, including Shortened Health Anxiety
Inventory, Shortened Beck Depression Inventory and Beck
Anxiety Inventory, had significant correlation with the ocular
surface disease index score, whereas there was no significant
correlation between dry eye signs and symptoms. Hallak
et al® revealed that depressive symptoms scored using the
Beck Depression Inventory showed significant association
with dry eye symptom scores. These findings suggest that
health anxiety, depression and anxiety may affect the devel-
opment of dry eye symptoms and may be one of the causes of
the inconsistency between symptoms and signs of DED.?%%*
Nepp*® showed that patients with DED recalcitrant to treat-
ment often have anxiety and depression and also postulated
that the psychological status influenced the nervous system
to suppress tear secretion from the lacrimal gland.*

A meta-analysis demonstrated that DED was associated
with higher symptom scores of anxiety and depression,
as well as with an increased prevalence of the psychiatric
conditions.?! Among the DED patients, the severity and
prevalence of depression were greatest among patients with
primary Sjogren’s syndrome (SS).*! A study on Chinese
women with SS with mean age of 49.8 years also revealed
that SS was related to higher scores on the Self-Rating
Anxiety and Depression Scales and to increased prevalence
of anxiety and depression.* In these patients, the depression
and anxiety scores were negatively correlated with vision-
related quality of life.*

Regarding the association between DED and depression,
several mechanisms may play a role.'"” Common risk factors,
such as female sex, menopause and an increased omega-6:
omega-3 ratio, shared by the two diseases suggest an over-
lap in the pathogenesis.!?* Moreover, chronic depression
may worsen dry eye symptoms by promoting production
of proinflammatory cytokines.!>** Depressive mood can
also lower the threshold for perception of discomfort or
pain caused by DED by affecting cognitive modulation of
attention.** Somatization, a frequently reported condition in
depression, may predispose to development of dry eye symp-
toms.!” Conversely, dry eye symptoms including chronic
discomfort and visual impairment can also worsen depressive
mood." Visual blurring induced by tear film instability was
suggested to predispose DED patients to depressive tenden-
cy.*® Li et al*” also showed that impairment of vision-related
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quality of life in patients with DED can aggravate depression
and anxiety.”” The need for frequent instillations of artificial
tears can also affect social interactions and aggravate psy-
chological stress and depression.'

Genetically, single-nucleotide polymorphisms in the
genes encoding receptors for brain-derived neurotrophic
factor and vitamin D were reported to be potentially related
to DED.*® A remarkable finding is that depression status
may influence the association between DED and Val66-
Met single-nucleotide polymorphism in brain-derived
neurotrophic factor.?®

Sleep disorders

The results of several previous research works suggest a
reciprocal relationship between DED and sleep disorders,
particularly in elderly patients.'®*** A cross-sectional study
including 187 veterans with mean age of 63 years demon-
strated that the severity of dry eye symptoms was closely
aligned with that of insomnia.'® In a study in which quality of
sleep was quantified using the Pittsburgh Sleep Quality Index
(PSQI), severity of DED had significant correlation with
PSQIL.* Another remarkable finding is that the PSQI score
in DED patients was significantly lower than in those with
other ocular surface diseases.”

A research using the Taiwan National Health Insurance
Research Database showed that patients with primary SS had
increased risk for sleep disorder, as well as depression and
anxiety, compared with those without SS.*? Priori et al*' also
revealed that patients with primary SS had impaired sleep
quality measured using PSQI, especially lower scores for
perceived sleep quality and daily disturbances.*!

Sleep deprivation may also be associated with increased
risk of DED.## A large population-based study in Korea
revealed that short sleep duration of =5 hours/day was related
to higher prevalence of DED.* An experimental study on
human subjects demonstrated that sleep deprivation led
to increased tear osmolarity, decreased tear secretion and
shortened tear film breakup time, all of which can aggravate
the symptoms and signs of DED.*

Ayaki et al*® revealed that topical treatment with eye
drops significantly improved PSQI in patients with DED,
and the improvement was greater in newly diagnosed DED
compared to established DED, suggesting that DED may
also influence sleep disorder and that early treatment of
DED can also improve sleep quality. They also reported that
combination of sleep services and topical treatment with eye
drops could successfully treat patients with sleep disorders
overlapped with DED.*

Medications for psychiatric disorders
Previous studies indicated that medications prescribed for
psychiatric conditions may precipitate DED.>** Most of
the antidepressant drugs, such as tricyclic antidepressants
(TCAs), selective serotonin reuptake inhibitors (SSRIs)
or serotonin—norepinephrine reuptake inhibitors (SNRIs)
have antagonistic effects on muscarinic receptors, which
can cause adverse effects, including DED, dry mouth and
constipation.*® Theoretically, SSRIs have weaker anticholin-
ergic effects than TCAs, and dry mouth was less frequently
observed in SSRI users than in TCAs users.*”*® However,
regarding DED, there has been no established guidelines for
antidepressant use,*® which can be, at least in part, explained
by the differences in sensitivities of various glands to the
antimuscarinic effect.*

Clinically, several studies have revealed that SSRIs are
associated with an increased risk of DED.#! A study on
248 elderly male veterans of age 50 years or older revealed
that use of SSRIs was significantly associated with severe
dry eye symptoms.” In a study on 472 Chinese patients
with psychiatric diseases, including depression, anxiety
disorder, obsessive—compulsive disorder and panic disorder,
subjects using SSRIs showed significantly higher risk of
DED compared to those on no medication or using other
types of psychiatric medication.*® Kocer et al*! also reported
that both SNRIs and SSRIs were related to increased risk
for DED and suggested the presence of another mechanism
rather than the anticholinergic effect.’! One plausible expla-
nation is that SSRIs can alter the tear serotonin level, which
can in turn influence the sensitivity thresholds of corneal
nerve sensitivity.*

Most antipsychotics for schizophrenia and some drugs
for Parkinson’s disease, including dopamine and levodopa,
also have anticholinergic effects.*® As the symptoms of
schizophrenia, including avolition and alogia, and those of
Parkinson’s disease, including poor blinking response, can
be major challenges in the diagnosis and treatment of DED,
care should be taken for patients using these medications.*
There is also a report that lithium carbonate and sodium val-
proate prescribed for bipolar disorder were associated with
decreased tear film breakup time, which can cause DED.*

Association with neurological
problems

Neuropathic pain

Neuropathic pain is defined as “pain caused by a lesion or
disease of the somatosensory system”* and is assumed to
be a pathological manifestation of peripheral and central
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sensitization, promoted by peripheral nerve injury, leading
to maladaptive neuroplastic changes in components of both
the peripheral and central nervous systems (PNS and CNS)
of'the sensory processing pathway.>*> A subgroup of DED is
characterized by discrepancy between signs and symptoms of
dry eye and shows the features of neuropathic pain, including
dysesthesia (unpleasant abnormal sensations), spontaneous
pain, allodynia (pain response to innoxious stimuli includ-
ing light and wind) and hyperalgesia (exaggerated pain to
noxious stimuli).>!*2! Persistent ocular neuropathic pain
may develop associated with repeated sensory nerve injury
or inflammation, which leads to chronic changes in the
peripheral and central somatosensory pathway, even after
the resolution of initial insults, including tear dysfunction
or ocular surface damage.>*

Peripheral sensitization involves alteration of corneal
nociceptors from noxious stimuli detectors to innoxious
stimuli sensors.’ Acute axonal injury during corneal nerve
damage facilitates the release of inflammatory mediators,
including prostaglandins, cytokines such as interleukin-1
and tumor necrosis factor-o,, and neuropeptides such as
substance P, which can reduce the threshold potentials of
ion channels of corneal nerve endings.*® Subsequent release
of nerve growth factor leads to upregulation and expression
of genes, resulting in hypersensitivity of corneal nociceptors
to stimuli.>*® In addition, chronic severe or repeated axonal
injury promotes the transition of the function of corneal
nociceptors from signal transmission to nerve regeneration.’
With regeneration, the injured nerve can develop microneu-
romas, endobulbs and nerve sprouts, which can be sources
of spontaneous pain.>*® The alteration of corneal nerves
after laser in situ keratomileusis (LASIK) resembles the
pathological neuroplasticity in peripheral sensitization®’
and is assumed to be the most likely cause of the dry eye
symptoms after LASIK.*®

Central sensitization can develop as a result of persis-
tent activation of nociceptors and progression of peripheral
sensitization.>* Persistent activity of corneal nociceptors
promotes glutamate release from presynaptic afferent neu-
rons, which leads to activation of N-methyl-D-aspartic acid
(NMDA) receptors.>3¢ Subsequently, sodium channels
of second-order pain-signaling neurons in the trigeminal
subnucleus caudalis (TSNC) are activated even with
innoxious or weakly noxious stimuli, resulting in central
sensitization.** Results of an in vitro study showing that
NMDA receptors mediate the interaction between TSNC and
corneal epithelial cells support this assumption.>* Moreover,
inflammatory response to a noxious insult decreases the

normally present inhibitory effect of y-aminobutyric acid
(GABA) on the ascending pain pathway, which contributes
to chronic neuropathic pain.?

A study on 102 male veterans of age 50 years or older
revealed that severity and persistence of dry eye symptoms
were associated with symptoms of neuropathic ocular pain,
suggesting the involvement of neuropathic mechanisms.®
In a study on 129 veterans with mean age 64 years,
mechanical detection and pain thresholds on the cornea
were closely aligned with dry eye symptoms and neuro-
pathic ocular pain, suggesting the hypersensitivity within
the corneal somatosensory pathways in patients with more
severe dry eye symptoms.®! Insufficient response to artificial
tears was also associated with features of neuropathic ocular
pain.®? Neuropathic ocular pain severity correlates with
pain sensitivity at forearm, suggesting the involvement of
central somatosensory dysfunction in neuropathic-like dry
eye symptom.®* Patients with persistent ocular pain and dry
eye symptoms after topical proparacaine instillation also had
greater sensitivity of the forearm and forehead, which is an
evidence of central sensitization.*

Chronic pain syndrome (CPS)

The association of DED with CPS has been suggested.!3-65-¢7
Vehof et al® showed a close relationship between DED
and chronic widespread pain syndrome. A study including
154 veterans revealed that DED patients with more frequent
manifestation of CPS reported more severe dry eye symp-
toms and neuropathic ocular pain score, suggesting shared
pathogenesis between some subtypes of DED and CPS. Crane
et al® also reported that DED patients with worse neuropathic
ocular pain symptoms showed more severe comorbid chronic
pain disorders. A recent study including a large cohort of
twins with mean age of 54.7 years presented evidence of
shared genetic factors between chronic widespread pain
and DED.%

Peripheral neuropathy (PN)

Diabetic PN is often associated with DED.® Diabetic PN was
shown to be associated with decrease in corneal nerve fiber
density, which can lead to reduced corneal sensitivity.® Misra
et al™ reported significant impairment of tear film stability
and lipid layer quality in patients with diabetes mellitus. The
severity of diabetic PN is closely aligned with the severity of
dry eye signs, including tear film parameters.””’! However, due
to corneal hypoesthesia associated with diabetic PN, patients
are often asymptomatic even in the presence of serious ocular
surface damage.”! Thus, periodic screening of the ocular
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surface and the retina is necessary for patients with diabetes
mellitus for early detection and treatment of DED.%"!

In patients with SS, inconsistency of signs and symptoms
of dry eye with the degree of autoimmune activity is often
observed.” In the early stages, dry eye symptoms often
develop in the absence of ocular surface damage or decreased
tear production, possibly due to corneal sensitization.” The
findings that PN often develops in patients with primary
SS support the assumption.” Han et al”> demonstrated that
patients with primary SS showed reduced corneal sensitivity
in the presence of more severe dry eye signs compared to
those with non-SS DED, which can contribute to the dis-
cordance between signs and symptoms of dry eye. Villani
et al’® reported that SS induces more severe neurotrophic
keratitis than non-SS dry eye by causing more damage to
the subbasal nerve plexus.

CNS manifestations

In addition to DED and PN, CNS manifestations are also
frequently reported in SS.”” Morreale et al”’ revealed that
headache, cognition and mood disorders in patients with SS
were significantly associated with serological markers of
SS, suggesting the possible role of inflammation-mediated
cerebral microcirculation dysfunction.”

Association between chronic migraine and DED was
also suggested.” In vivo confocal microscopy showed sig-
nificantly decreased corneal nerve fiber density in migraine
patients, and all the patients with migraine had dry eye
symptoms.” A large population-based study in Korea also
revealed that patients with migraine had significantly higher
risk of DED.”

Borsook and Rosenthal® reported five cases of patients
with chronic neuropathic ocular pain accompanied with
blepharospasm associated with objective changes in the
nerve plexus, suggesting the potential involvement of the
basal ganglia in both conditions.

Management
Discordance between dry eye signs and symptoms and unsat-
isfactory response to conventional topical treatment should
prompt consideration of the influence of psychological or neu-
rological factors.?! Treatment of accompanying psychiatric
or neurological problems can be helpful in alleviating dry
eye symptoms. Considering the reciprocal influence between
DED and psychiatric disorders, comprehensive management
of both conditions would be more beneficial.**#!

For neuropathic pain, considering that pain can become
spontaneous and unresponsive to artificial tear instillation

once central sensitization develops, limitation of the
neuroplastic sensitization process by prevention of ocular
surface damage and inflammation in the initial stages
would be important.>2!5682 Aggressive treatment with
anti-inflammatory medications is necessary for relief of acute
pain and improvement of ocular surface inflammation.’¢%2
Topical nonsteroidal anti-inflammatory drugs (NSAIDs) can
be helpful for pain relief and prevention of peripheral and
central sensitization,? among which diclofenac may have an
additional effect of prevention of the neuroplastic process as
it reduces neuronal excitability by opening neuronal potas-
sium channels.*® Topical steroids, cyclosporine A and tacroli-
mus are also useful for reducing ocular surface inflammation.?
Inhibitors of matrix metalloproteinases, such as oral doxycy-
cline and topical azithromycin, also have anti-inflammatory
effects and inhibit proinflammatory cytokines, and so these
are expected to reduce the chronic inflammation.> Topical
opioid is also suggested to be effective in alleviating acute
ocular pain and attenuating subsequent peripheral and central
sensitization.>3*% Topical application of autologous serum,
umbilical cord serum and platelet-rich plasma was also shown
to be effective in facilitating corneal nerve regeneration and
epithelial healing.>®

Systemic pharmacotherapy used for chronic pain man-
agement can be effective for central neuropathic pain.>
Pregabalin and gabapentin, developed and used as anti-
epileptic drugs, are now often prescribed as the first-line
medications for central neuropathic pain.®® TCAs, such as
desipramine and nortriptyline, are often considered as the
first-line treatment for neuropathic pain.’** Efficacy of TCAs
in alleviating dry eye symptoms after LASIK has also been
reported.*® SNRIs, including venlafaxine and duloxetine, and
opioids including tramadol were also proven to be effective
for neuropathic pain.*

Supplementation with omega-3 fatty acids was proven
to reduce inflammation both in the ocular surface and CNS,
which may improve both DED and psychiatric conditions,
including depression, stress and anxiety.***” Anecdotal
evidence showed that topical or parenteral supplementation
with cobalamin (vitamin B12) was effective in restoring
corneal sensitivity and improving corneal neuropathic pain
recalcitrant to conventional topical treatment.®** Electrical
stimulation of the trigeminal ganglion and intrathecal targeted
delivery of drugs, including bupivacaine and fentanyl, were
also introduced as potentially effective options for recalci-
trant corneal neuropathic pain.”®®' Prosthetic replacement of
the ocular surface ecosystem (PROSE) treatment was also
suggested to be effective for the management of DED and
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corneal neuralgia after LASIK.” Further studies are required
for development of treatment modalities targeted at various
neuroplastic sensitization processes that lead to chronic
neuropathy-like dry eye symptoms.>®

Conclusion
DED is a multifactorial disease and is often associated
with various psychological or neurological conditions.
Psychiatric disorders, such as depression, anxiety, stress,
PTSD and sleep disorders, are related to DED. Medica-
tions for psychiatric disorders also can influence DED.
Neurological disorders, including neuropathic pain, chronic
pain syndrome, PN and CNS diseases, can also influence
DED. Although most studies on the association of DED
with psychiatric or neurological disorders were of cross-
sectional nature and failed to show causal relationship,
the close alignment between DED and various psychiatric
or neurological disorders suggests the presence of shared
pathophysiological mechanisms or reciprocal influence.
Repeated or severe ocular surface damage can induce
peripheral and central sensitization, which leads to persistent
neuropathic ocular pain.>

Attention should be paid to DED patients, particularly to
those with inconsistent dry eye symptoms and signs and poor
response to conventional treatment, for associated psychi-
atric or neurological disorders, and an integrated treatment
approach could be helpful for the patients. Further research
is necessary for the elucidation of the mechanisms underly-
ing the association of DED with psychiatric or neurological
disorders and development of treatment methods for DED
associated with these conditions.
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