
Supplementary Material 

A review of ocular complications associated with medications used for anxiety, depression, and stress
Literature Search Methods

A PubMed literature search was conducted from September 2020 to December 2021 to identify studies on the ophthalmic effects of various psychotropic medications, and manually, an electronic database was established. Search string is shown below:

 ((drug response) OR (ocular side effects) OR (ocular adverse effects)) AND ((ophthalmology) OR (ocular)) AND ((antipsychotics) OR (anxiolytic) OR (antidepressant) OR (psychotropic) OR (mood stabilizers)). Search terms also included common drug classes associated with the psychotropic disorder and their prescribed drug names (SSRI) OR (selective serotonin reuptake inhibitors) OR (clomipramine) OR (OCD) OR (obsessive compulsive disorder)) AND ((ocular) OR (eye)) AND ((adverse effects) OR (side effects) OR (adverse reactions)). 

In addition to this, the reference list of the most relevant studies and reviews were checked to identify eligible studies not captured by the initial literature search. Among the included articles, only those published in English and within the past eleven years (inclusive) were eligible for inclusion. 

The inclusion criteria for this systematic review included (1) PubMed journal articles published less than or within the past 11 years inclusive and (2) any clinical trials involving psychotropic medications used in the treatment of their respective psychiatric conditions and the systemic and ocular side effects of these drugs and (3) only drug data for mental health disorders classified as depressive disorders, anxiety disorders, obsessive-compulsive and related disorders, and trauma- and stressor-related disorders, as per the DSM-5 and (4) research on all age, sex and ethnicity and (5) only journal articles published in the English language and (6) not limited to a geographically defined region (7) all sample sizes and duration of follow up. The exclusion criteria included (1) articles published more than 11 years ago and (2) publications which have inconclusive results and (3) research articles that have received funding from third party interests and articles related to schizophrenia, bipolar disorder, obsessive compulsive disorder, and epilepsy.
Results
From the literature search, 34 were included in the search data with findings reporting adverse effects which included reviews, 12 case reports, 11 case-control studies, 1 case series, 5 cross-sectional observational studies and 1 population-based incidence study. The following table highlights the ocular side effects of the drug class or specific medications used for certain mental health disorders as conferred in their respective publications. Ophthalmic drug side-effects frequently involved dry eye, blurry vision, IOP increases, anterior angle closure, and cataracts.

REVIEW

Table 1 summarizes the results of the studies identified by the search.
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Table 1: Ocular side effects associations with anxiety, depression and stress.
	Report
	Study Type
	Mental Health Disorder
	Drug Class/Drug
	Ocular Side Effects 

	Richa and Yazbek1
	A systematic review on the ophthalmic adverse effects of psychotropic medications
	Depressive
	Multiple drug classes
	TCA - Mydriasis, cycloplegia, blurred vision, AACG and decreased lacrimation
Phenothiazines (Chlorpromazine and fluphenazine) - mydriasis and cycloplegia
SSRI - Mydriasis, increased IOP, AACG
Antipsychotics and possibly escitalopram (SSRI) – oculogyric crisis

	Wu et al.2
	A narrative review demonstrating causes of angle closure in antidepressant medications
	Depressive and Anxiety 
	Multiple drug classes
	Bilateral AACG reported with escitalopram, venlafaxine, bupropion (NDRI) and cabergoline use.
Amitriptyline (TCA), imipramine (TCA), venlafaxine (SNRI), duloxetine (SNRI), sertraline (SSRI), paroxetine (SSRI), fluoxetine (SSRI), fluvoxamine (SSRI), citalopram (SSRI) and escitalopram (SSRI) have been reported to cause AACG

	Barow et al.3
	A narrative review of psychiatric medication causing oculogyric crisis
	Depressive, Anxiety and Panic disorders
	Multiple drug classes
	A range of typical and atypical antidepressants, benzodiazepines, phenothiazines, dopaminergic agonists reported to cause oculogyric crisis

	Lochhead4
	A case series showing five cases of ischemic optic neuropathy after use of SSRIs
	Depressive
	SSRI
	SSRIs - ischemic optic neuropathy, bilateral visual field loss

	Acan and Kurtgoz5
	A cross-sectional observational study displaying a lower TBUT, Schirmer I and greater corneal staining grades with use of SSRI compared to no SSRI use
	Depressive and Anxiety
	SSRI
	SSRI - lower TBUT, Schirmer I and greater staining grades 

	Zhang et al.6
	A case control study demonstrating dry eye disease being aggravated by SSRI use via the NF-kB pathway
	Depressive and Anxiety
	SSRI
	SSRI - Dry eye

	Kirkham and Seitz7
	A case control study revealing an increased risk of angle closure glaucoma with use of SSRIs with risk being higher with higher doses of SSRI
	Depressive, Anxiety and Panic disorders
	SSRI
	SSRI - increased risk of AACG. Higher doses of SSRI revealed higher risk of AACG.

	Koçer et al.8 
	A case control study showing that Schirmer test results were significantly lower in patients on Duloxetine and Venlafaxine, compared to controls
	Depressive and Anxiety
	Escitalopram (SSRI), Venlafaxine (SNRI), Duloxetine (SNRI)
	Dry Eye, reduced wetting on Schirmer test

	Işik-Ulusoy and Ulusoy9
	A case control study demonstrating dry eye tests and tear meniscus parameters were reduced in patients on antidepressants 
	Depressive, Anxiety and Trauma and Stressor related
	Escitalopram (SSRI), Sertraline (SSRI), Venlafaxine (SNRI) and Duloxetine (SNRI)
	Reduced TBUT, Schirmer Test results, tear meniscus height/depth/area

	Norton and Cates10
	Case report detailing a case of reversible eyelash loss in a young woman with depression. Eyelash loss has never been documented prior to this and is readily reversible upon cessation of drug
	Depressive and Anxiety
	Escitalopram (SSRI)
	Escitalopram - eyelash loss

	Etminan et al.11
	A nested case control study investigating and showing association between fluvoxamine and venlafaxine and future cataract. However, the possibility of smoking being an independent factor was not fully investigated and will need further research
	Depressive, Anxiety and OCD
	Fluvoxamine (SSRI) and venlafaxine (SNRI)
	Fluvoxamine and venlafaxine - cataract

	Kisilevsky and Margolin12
	Case report in Canada outlined a case of rapid bilateral cataract formation in a 19-year-old female taking fluvoxamine and quetiapine.
	Depressive, Anxiety and OCD
	Fluvoxamine (SSRI) and quetiapine (atypical)
	Fluvoxamine and quetiapine - cataract 

	Botha et al.13
	Case report of a venlafaxine-induced IOP rise in 56-year-old patient with open-angle glaucoma
	Depressive
	Venlafaxine (SNRI)
	Rise in intraocular pressure in patient with open angle glaucoma 

	Varatharaj and Moran14
	Case report of a 54-year-old female patient presenting with pendular nystagmus, resulting from Venlafaxine overdose
	Depressive
	Venlafaxine (SNRI)
	Pendular Nystagmus

	Shifera et al.15
	Case report of 81-year-old Caucasian female who developed acute angle closure glaucoma 2 days after starting duloxetine
	Depressive and Anxiety
	Duloxetine (SNRI)
	Bilateral AACG

	Bicer et al.16
	Case report of unilateral vision loss due to retrobulbar optic neuritis in a 44-year-old female using duloxetine
	Depressive and Anxiety 
	Duloxetine (SNRI)
	Retrobulbar Optic Neuritis

	Attaway et al.17
	Case report detailing an interesting side effect of MAOI overdose in a 26-year-old female characterized by short-cycle periodic alternating gaze (ping-pong gaze), which is defined as slow conjugate deviation of the eyes from one extreme to the other with fixed frequency and without pause
	Depressive
	Phenelzine (MAOI)
	Phenelzine - ping-pong gaze

	Tanyildiz et al.18
	Case report of 24-year-old woman’s bilateral vision loss associated with serous macular detachment following attempted suicide with pregabalin
	Generalised anxiety disorder; Social anxiety disorder 
(Off-label use)
	Pregabalin (GABAergic drug)
	Bilateral visual disturbance secondary to bilateral serous macular detachment presumably caused by pregabalin intoxication

	Zaccara et al.19
	Systematic review of randomised controlled trials documenting the most common side effects of pregabalin
	Generalised anxiety disorder; Social anxiety disorder 
(Off-label use)
	Pregabalin (GABAergic drug)
	Blurred vision; diplopia 

	Mousailidis et al.20
	Case report of a rare ocular adverse effect of Pregabalin induced visual hallucinations in a 36-year-old female patient.
	Generalised anxiety disorder; Social anxiety disorder 
(Off-label use)
	Pregabalin (GABAergic drug)
	Acute visual hallucinations following pregabalin use at higher doses 

	Browne et al.21
	Nested case control study 
Possibly first study to investigate gabapentin use and AAG incidence
	Generalised anxiety disorder; Social anxiety disorder; panic disorder
(Off-label use)
	Gabapentin (GABAergic drug)
	Gabapentin use in the year before diagnosis was found to be associated with the incidence of AACG.

	Lucca et al.22
	Case report of probable lorazepam-induced diplopia in a 21-year-old patient
	Anxiety

Panic disorder; Generalised anxiety disorder; Social anxiety disorder (Off-label use)
	Lorazepam (Benzodiazepine)
	Diplopia
 


	Ciobanu et al.23
	A review summarising current knowledge on risk of raised intraocular pressure glaucoma entailed by psychopharmacological treatment
	Anxiety

Panic disorder; Generalised anxiety disorder; Social anxiety disorder (Off-label use)
	Tricyclic antidepressants 
	Acute angle closure glaucoma secondary to pupillary block, blockage of trabecular meshwork and blurred vision from loss of accommodation 

	Kahraman et al.24
	Case report of a 27-year-old female with onset of AACG 1 week after using mirtazapine
	Depressive (and sometimes OCD)
	Mirtazapine (Atypical)
	Mirtazapine - AACG

	Solberg and Koht25
	Case report of a 20-year-old male developing oculogyric crisis 1 week after use of quetiapine
	Major depressive disorder, (but also bipolar and schizophrenia)
	Quetiapine (Atypical antipsychotic)
	Quetiapine - oculogyric crisis

	Symes et al.26
	A nested case control study analysing the risk of angle closure with use of topiramate and bupropion 
	Major Depressive Disorder
	Bupropion (NDRI)
	Increased risk of AACG with use of bupropion

	Uçan Gündüz et al.27
	A cross sectional study evaluating the effects of SNRI on anterior chamber depth and IOP
	Major Depressive Disorder
	SNRI
	Lower median IOP found in patients using SNRIs. Mydriasis and decreased anterior chamber depth were found in patients using SNRI

	Wong et al.28
	A narrative review of systemic medications contributing to dry eye
	Depressive, Anxiety and Panic disorders
	Multiple drug classes
	TCA, SSRI, SNRI, NDRI, typical and atypical antipsychotics - dry eye

	Erie et al.29
	A case control study analysing the risk of cataract surgery in individuals using SSRIs
	Depressive 
	SSRI
	SSRI - increased risk of cataract surgery after one year in individuals greater than 50 years of age

	Chen et al.30
	A case control study analysing the risk of AACG with use or SSRIs
	Depressive
	SSRI
	5.8-fold risk of AACG with use of SSRIs

	Becker et al.31
	A case control study determining the risk of cataract formation after exposure to SSRIs 
	Depressive
	SSRI
	Long term use of SSRI was not associated with cataract formation. Higher risk of cataract formation in long term SSRI users aged 40-64 years (OR=1.24)

	van der Vaart et al.32
	A cross sectional case comparison study of those with and without dry eye disease
	Depression and Anxiety
	Not specified
	The adjusted odds ratio for dry eye disease and anxiety was 2.8 (95% confidence interval [CI] 2.6–3.0). For dry eye disease and depression, the odds ratio was 2.9 (95% CI 2.7–3.1).

	Galor et al.33
	Retrospective case series
	Depression and Post-traumatic stress disorder
	Not specified
	Several medical conditions were found to increase DES risk including post-traumatic stress disorder (odds ratio [OR] 1.97, 95% CI 1.75–2.23), depression (OR 1.91, 95% CI 1.73–2.10).

	Wan et al.34
	Systematic Review
	Depression and anxiety
	Not specified
	Dry eye disease was associated with an increased prevalence of depression (p<.001) (summary odds ratio (OR)=2.92, 95% CI: 2.13–4.01, and anxiety (OR=2.80, 95% CI: 2.61–3.02).

	Chou et al.35
	Nested case-control
	Schizophrenia and mood disorder
	SSRI, SNRI, TCA
	The adjusted odds ratios (AORs) for developing cataracts among continuous users of SSRIs, SNRIs and TCAs were significant (p<.001): 1.26 (95%CI: 1.12–1.41), 1.21 (95% CI: 1.02–1.43 and 1.18 (95% CI: 1.04–1.34) respectively.

	Klein et al.36
	Population-based incidence study
	
	Amitriptyline (TCA)
	Cataract formation odds ratio 2.03 (95%CI 1.09-3.79).



Abbreviations
AAC - Acute angle closure
AACG – Acute angle closure glaucoma 
CI – Confidence Interval
IOP – Intraocular pressure
MAOI – Monoamine oxidase inhibitor
NDRI – Norepinephrine-dopamine reuptake inhibitor
OCD – obsessive compulsive disorder
SNRI – Serotonin and norepinephrine reuptake inhibitors
SSRI – Selective serotonin reuptake inhibitors
TBUT - Tear break up time
TCA – Tricyclic antidepressant
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