1/15/25

Dreams of Better Vision:
How Sleep Impacts Ocular Health and Systemic
Function

Kaleb Abbott, OD, MS, FAAO
Assistant Professor

University of Colorado

Dry Eye Clinic

Center for Ocular Inflammation

@T Sue Anschutz-Rodgers Eye Cenler

Financial Disclosures

« Investigator
— Lexitas
— Claris Bio
— Trinity Life Sciences
« Consultant
— Optase
— Dompe
— Tarsus
« Founder, advisor, minority shareholder
— SunSnap Kids

All relevant relationships have been mitigated

@T Sue Anschutz-Rodgers Eye Cenler

o s e oo T —— e e e s T ——
1 2
3 parts:
1) Sleep, melatonin, blue light, ipRGCs, refractive error
2) Sleep and ocular surface disease
3) Sleep, posterior pole pathology, and systemic disease
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What is Sleep?

Sleep Stages

One sleep cycle is three non-rapid and one

‘(\-\NA
rapid eye movement stages & B
. i Q)
Naturally recurring state of mind and body + One night consists of four to six sleep cycles «;J
« Altered consciousness per night £ The Fn'
. iti . z
Inhibition of sensory activity . Sleep stages allow the brain and body to Sleep b
« Inhibition of nearly all voluntary muscles - recuperate @ 0yc|e N2y ) o
« Duration of stages can vary based on age, ?% &
sleep patterns, alcohol, and sleep disorders “‘/se
)
« Improved sleep hygiene can encourage healthy
transitions through the sleep stages
Sue Anschutz-Rodgers Eye Cenler Sue Anschutz-Rodgers Eye Cenler
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What is Rapid Eye Movement Sleep? How Much Sleep is Needed?
« Eyes are closed but m.ov? rapidly + Infants (< 1): 14-15 hours .
* Heart rate and breathing increase « Toddlers and preschoolers (3-6): 10-13 hours \:
* REM periods increase from 10 to 60 « Children and teens (7-18): 8-11 hours %
minutes across the night ;
« Can have intense dreams, brain is + Adults (18-84): 7-9 hours =
more active « Elderly (65+): 7-8 hours o
o
&
P10 sreep 21~ b
‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center
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Humans Tend to Fight Sleep Why Sleep?
* Metabolism

Sue Anschuiz-Fodgers Eye Cenler |

Growth, renewal, and
repair

Brain function

Immunity
Heart health

Emotional and menta
health

‘Sue Anschutz-Rodgers Eye Center
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Light — Eye — Sleep Relationship

« Light is the strongest Zeitgeber for
circadian rhythms

peraveriricuiar
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Retinal Ganglion Cells

RGCs are found in the inner retina

RGCs receive input from rod and
cone pathways through bipolar cells
RGC axons exit the eye as the optic
nerve

Rods and cones

Bipolar cells

Retinal ganglion cells

Speson L-gmﬁ \

Lateral geniculate nucleus.

* The majority of RGCs project to the
LGN and visual cortex and are
involved in image formation

« Lightis detected and carried to runscaly nucleus.

brain centers by the intrinsically R

photosensitive retinal ganglion cells LLAVAVAVAVAV S
« Darkness cues the release of

melatonin

e
[—
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Intrinsically Photosensitive Retinal Ganglion Cells

« Direct ipRGC activation through
melanopsin is the intrinsic pathway

« Synaptic input from the rod and cone
pathways is the extrinsic pathway

+ ipRGCs synapse with dopaminergic
amacrine cells

EIN

‘Suprachiasmatic nucleus
Superior colliculus
Olvary pretectal nucleus

‘Sue Anschuiz-Rodgers Eye Center
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Intrinsically Photosensitive Retinal Ganglion Cells

« Approximately 1-3% of RGCs are intrinsically photosensitive
« Most sensitive to short wavelength light (blue, 482 nm)

« ipRGCs are directly stimulated by light through the photopigment melanopsin

Standard sensitvity curves

12008

1000%

relative abso

Ostrin, et al. 2018 wavelength (nm)
CIE Report 2013
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Intrinsically Photosensitive Retinal Ganglion Cells

« Primarily involved in non-image forming visual processing
— Irradiance detection

\ 2 EyeCamera GOFS - Active

— Pupil size control
— Circadian rhythm entrainment

St Anschtz-ocgers Eye Conter

Circadian Rhythm

« Fluctuations in physiological processes Melsonin MHATSH 2

creton are Decpestsieap
over approximately 24 hours u.v...‘;u, .
Mediated by light input and . ,.JEA:'?D L
endogenous clocks “

. irradi C|rcad|an Rhythms
ipRGCs are irradiance detectors in the éPMm Y‘v__“’ aAM
inner retina that entrain circadian Greatost ‘Sharpest Bood
Crtlousscua flcincy Presare rise

rhythm & Muscle Stregnth
Meltorin
Farest Sectoton tops
Resetion e
et Noon  Highest
Coortinston Reriness

Sue Anschuiz-Fodgers Eye Cenler
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Systemic circadian rhythm Ocular circadian rhythm

— Sleep/wake patterns — Choroidal thickness

— Blood pressure and heart rate — Axial length

— Body temperature — Intraocular pressure

— Metabolism — Photoreceptor disc shedding

— Hormone release — Neurotransmitter synthesis and release

Seasonal Changes in Day Length

« Photoperiod — day length

« Shortened day lengths in winter in northern countries are associated with seasonal
affective disorder (SAD)

Summer Winter

’

Winter Summer

Sus Anschutz Rodgers Eye Cenler Sus Anschutz Rodgers Eye Cenler
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Spectral Composition of Light Poor Sleep Hygiene
+ Natural light Daylight Incandescent Fluorescent
— Sunlight « Poor sleep hygiene can disrupt sleep patterns by
— Fire

< Atrtificial light

— Indoor lighting
* Fluorescent
* Incandescent
« LED

— Electronic devices
« Tablets
 Phones
« Computers

Halogen Gool White LED

creating an environment and routine that hinders the
body's natural ability to fall asleep and stay asleep
« Contributing factors
« Irregular sleep schedules
« Exposure to electronic screens before bedtime
« Consuming stimulants close to bed time

« Televisions
‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center
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Shift Work

« Shift work

- Accounts for 20-25% of the workforce (Caruso, 2014)
- Requires artificial light during the night and irregular sleep patterns
- Recurrent phase reversal causes constant disruption of the circadian rhythm

« Associated health problems with night shift work
+ Sleep disorders, sleepiness, physical and mental fatigue, poor memory, decreased cognitive
function (Vanttola et al., 2020)
+ Shift work is associated with metabolic syndrome, myocardial infarction, ischemic stroke and
premature death

« Systematic review and meta-analysis of 21 studies showed that a single dose of
2000-5000 lux for <1 hour, particularly in the blue range of the spectrum can help
regulate the negative circadian effects (Lam and Chung, 2021)

Sue Anschutz Rodgers Eye Center
oo e ——

Travel Across Time Zones

« 200 million passengers take international flights in or out of the US each year
« Jet lag leads to an acute circadian disruption — internal clocks are desynchronized
with the environment
« Some parts of the brain and the periphery take days or weeks to reset
« Effects of jet lag include
« Sleep disruption
Daytime sleepiness
Impaired thinking
Hampered physical function
Emotional difficulties
Stomach problems

Sue Anschutz-Rodgers Eye Center
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Systemic Effects of Circadian Disruption

Cognitive dysfunction

Poor
sleep quality

Depression/

Heart disease mpaired! mental health

mpaie
« Asthma flncion
« Altered gut microbiome Insuiln ooy o
+ Neurodegenerative diseases I:fls‘an%e
« Cancer i
+ Immune response and macrophage = Hypertension
. Fatty liver
behavior bt
Integrative and Functional Nutition Academy, 2021
Sue Anschutz-Rodgers Eye Cenler
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Cognitive Function

Normal Sleep

Sleep Deprivation
 Short term effects
« Difficulty concentrating
« Decline in mood
* Impaired memory
« Fatigue
« Long term effects
« Poor academic/work performance
« Cognitive decline
« Heightened risk of dementia

Owen Lab, Western

‘Sue Anschuiz-Rodgers Eye Center
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Heart Health

« Circadian rhythms are important regulators of
cardiovascular physiology and disease

+ When circadian rhythms in rodents are out of
sync it leads to

- Cardiomyopathy
- cardiac fibrosis

+ systolic dysfunction
- can lead to cardiovascular death

« Circadian disruption is associated obesity and
diabetes, which further affect heart health

hitps:/iwww.nhibi.ih.gov!

‘Sue Anschuiz-Rodgers Eye Center

Asthma

« Inflammatory pathways have been
observed to vary with the time of day
In asthma, airway diameter is directly
controlled by circadian rhythms
(Spengler et al., 2019)

Circadian disruption through
mechanisms such as light at night

s uooe e —

can e%acerbate asthma and allergic © P 5 PP (S o
conditions
Sue Anschutz-Rodgers Eye Cenler
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Cancer

« Natural light helps regulate hormones
« Artificial light at night causes disruption
« Increases the risk of hormone-dependent cancers
« Changes
+ hormone production and release
+ hormone receptor affinities
- weakens immune system
- general stressor and endocrine disruptor

« Circadian disruption from blue light at night
has been linked to:
« Breast cancer (Rybnikova 2018)
« Prostate cancer (Haim 2013)
« Colorectal cancer (Schernhammer 2001)

‘Sue Anschutz-Rodgers Eye Center
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Gut Microbiome

ught Master * Gut microbiota shown to undergo diurnal
ock
rhythms in humans
. L. , Bulleida,
Anaerotruncus, O. ) :

D . E and
unspecified genera of families $24-7 and
Enterobacteriaceae (Matenchuk et al., 2020)

- ' "  + Gut microbiota undergoes energy metabolism,
Matenchuk et al., 2020 DNA repair, and cell growth during the dark
phase (Thaiss et al., 2014)
Sue Anschuiz-Fodgers Eye Cenler
[ e ]
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Weight gain Ocular Circadian Rhythms

« Corneal thickness, epithelial shedding

« Choroidal thickness, axial length

« Intraocular pressure, perfusion pressure

« Photoreceptor disc shedding, neurotransmitter synthesis and release

« Poor sleep is associated with obesity
« Affects the hypothalamus which regulates
appetite and energy expenditure
* Reduced sleep effects:
« endocrine alterations (glucose)

N
« decreased glucose tolerance N
« decreased insulin sensitivity [
« increased evening concentrations of cortisol g 1L e wallengh
« increased levels of ghrelin e 0 £ —FitAxalLength
« decreased levels of leptin §- g @ Chorod Tnickness
Montgomery Advisor § - & Fit Choroid Thickness
- increased hunger and appetite © 25 eiop
M —Fitiop
4
5
Taheri S. The link between short sleep duration and obesity: We should recommend more sleep to prevent obesity. Arch Dis Child 2006;91:881-884. 0 4 12 il 20 24
Beccut G, Pannain S. Sleep and obesity. Curr Opin Clin Nutr Metab Care. 2011 Jul114(4)402-12. doi. 10.1097/MC0.0b013¢3283479109. PMID: 21659802 PMCID: PMC363233 Time (Hour)
‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center
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Ocular Effects of Circadian Disruption Circadian Rhythms and Refractive Error
« Cornea: epithelial shedding in the morning « Light input and circadian rhythm may play a role in myopia development
* fecuirent comeal srosions o . - Brief periods of light at night affects eye growth in chicks (Nickla and Totonelly, 2016)
« Conjunctiva: thicker in the early morning immediately after waking (Read 2016), . . . .
- scleral lens implications — Constant light or constant dark induces refractive changes (Li et al. 1995, Gottlieb et

« Meibomian glands: yielding liquid secretions, neutrophils (Blackie 2010, Reyes 2018) al. 1987)
« Time of day of defocus important in experimental myopia (Nickla et al. 2017)
— Myopic defocus in the evening is more effective at inhibiting eye growth than in the

morning
‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center
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Myopia, Melatonin, and Sleep Effects of Nighttime Blue Blocking Lenses

+ Sleep duration, quality, and bedtime « 22 adult subjects recruited to wear blue blocking glasses at nighttime for 2 weeks

— Emmetropes and myopes demonstrate differences in sleep duration and sleep quality + One subject was excluded due to non-compliance
(Gong et al, 2014, Jee et al, 2016) + Average age of 26.7
. . . « 10 females and 11 males
— Late bedtime (after 9:30 pm) increased the risk of myopia (Liu et al. 2020)

. . y Expecinental proloco
— Myopia is associated with decreased sleep quality (Abbott et al. 2018)

SaselineLab Vit 2ueek eatment Final Lab Vit
* Morning melatonin varies with refractive error (Kearney et al. 2017, Kumar et al. 2021) pmsalva | | amsaiva colleclon rod: amsalia collecton
collection psal Actiwalch wear Psal
£ os Mel
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Results

« After wearing blue blocking glasses at nighttime for 2 weeks:
« Nighttime melatonin increased 58%
« ipRGC pupil responses were altered
« Objectively measured sleep duration increased by 24 minutes
« Subjectively measured sleep quality improved

*

2
w© —
abetore N
3s .
. Oatter £
2% g
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32 g
s Soe
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g 2os e
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Night Mo s o0 5. w15 2 25 3
“ " Time (seconds)
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Conclusions

« Blue light exposure during the day is important for regulating circadian rhythm

« Blue light exposure at night leads to circadian disruption, which can have
widespread physiological ramifications

« It is beneficial to decrease blue light exposure (by turning off artificial lights at
night or wearing blue blocking lenses that block ALL short wavelengths)

A socnwore B
Pl 41

@} Sue Anschutz-Rodgers Eye Cenler

e —— Ostrin, Abbott, Queener, OPO 2017

@} Sue Anschutz-Rodgers Eye Cenler

37

38

Sleep and ocular surface disease

@} Sue Anschutz-Rodgers Eye Cenler

Case Report — Initial Visit

76 year-old white female presents with constant dryness and irritation

Lives in nursing home

POH: CE/IOL

PMH: mild dementia and mild HTN

Meds: Aricept, hydrochlorothiazide

Ocular meds: Patanol 0.2% 1-2x per day

@} Sue Anschutz-Rodgers Eye Cenler
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Case Report — Initial Visit

* VAsc
— OD: 20/25-2
‘ol - 0S: 20/30
Emmetropic after CE/IOL
SLE: 2+ diffuse PEK, minimal MGD
Posterior pole: unremarkable

Plan: PFATs QID, FML BID for 2
e ; | weeks, Restasis BID

RTC 2 months

)

- D
1
i |

[ r——
e e ——

Case Report — 2M visit

No improvement in corneal
epitheliopathy or symptoms
Never received any drops

* Plan

— Re-printed prescriptions

— Daughter to give prescriptions directly to
nurse at facility

(T e wsontarasoms o oo

s coucne e ————
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Case Report — 3rd visit

« Patient thrilled with how her eyes
feel. No dryness or irritation.

* VAsc
— OD: 20/20
- 0S:20/20

« Resolved corneal epitheliopathy

« So the plan worked? Right?

@T Sue Anschutz-Rodgers Eye Cenler

Case Report — 3rd visit

* The only problem was...

@T Sue Anschutz-Rodgers Eye Cenler

______ cnuren S —— o0 s e o S ——
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Case Report — 3rd visit Case Report — 3rd visit

» The only problem was... Patient never received any eyedrops « The only problem was... Patient never received any eyedrops
* I'm confused.
« Daughter is confused.
« Patient is thrilled.

@T St Anschutz-odgers Eye Center @T St Anschutz-odgers Eye Center
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Case Report — what changed?

« Began asking questions

« Patient was more alert, energetic,
and in better spirit

» Daughter said she had been
sleeping sleeping better lately

« 5 hours ---> 8 hours per night

@} Sue Anscuz-Rodgers Eye Center

Case Report — what changed?

» Began asking questions

« Patient was more alert, energetic,
and in better spirit

* Daughter said she had been
sleeping sleeping better lately

5 hours ---> 8 hours per night

@} Sue Anscuz-Rodgers Eye Center
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Patients with dry eye disease have poor sleep

High prevalence of sleep and mood disorders in
dry eye patients: survey of |,000 eye clinic visitors

D e and sleep quality: a large community-based study in The association of sleep quality with dry eye
e Bt B ¥ i disease: the Osaka study

Hangzhou
Xiaoning Yu'#*, Huilan Guo®, Xin Liu*’, Guowei Wang?>, Yan Min®*, ‘The relationship between dry eye and sleep quality
Shih-Hua Sarah Chen®, Summer S. Han®*, Robert T. Chang’, Xueyin Zhao***, Ann Hsing*", Morten Schjerven Magno “, Tor Paaske Utheim *, Harold Saieder ',

Shankuan Zhu?3+** and Ke Yao** hristopher J. Hammond “, Jelle Vehof "

Sleep Disorders are a Prevalent and Serious Comorbidity Sleep and mood disorders in dry

in Dry Eye eye disease and allied irritating
Masahiko Ayaki,'* Kazuo Tsubota,' Motoko Kawashima,' Taishiro Kishimoto,® Masaru Mimura,> ocular diseases
and Kazuno Negishi' 4 2 s ol Kenins e e Tssh it

@]’ Sue Anschutz-Rodgers Eye Cenler

Patients with sleep disorders are more likely to
have dry eye disease
Evaluation of Ocular Surface Health in Patients with Obstructive Sleep Apnea Syndrome

Emine Esra Karaca,""” Hanife Tuba Akgam,? Feyzahan Uzun,® Sengiil Ozdek,* and Tansu Ulukavak Giftci®

The of dry eye
insomnia in US veterans

severity and Ocular surface assessment and morphological
alterations in meibomian glands with
meibography in obstructive sleep apnea

Anat Galor, MD, MSPH'2, Benjamin E Seiden, BS', Jasmine J. Park, BS', William Feuer, ~Syndrome

MS2, Allison L. McClellan, OD', Elizabeth R. Felix, PhD' 3, Roy C. Levitt, MD' 455, g
Constantine Sarantopoulos, MD, PhD'#, and Douglas M. Wallace, MD'7

Predic of Ocular
Patients: A Cross-sectional Case-control Study
Nestcen E. Mory”, Badews E Amani’, Alrsad A Magéa', Awadala ) Nab, Scisiaripps R Pandi-Peremal’, Abened
S. Bltarmema’, David Warren Spence’ P O. Limcimuck 0 Nevin P Zaki ™™

@]’ Sue Anschutz-Rodgers Eye Cenler
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Relationship between dry eye and sleep quality

71,761 participants in Netherlands
Pittsburg Sleep Quality Index

— 19 questions about quality, latency, duration, efficiency, disturbances,
mediations, and daytime dysfunction

Women'’s Health Study dry eye questionnaire
— How often do your eyes feel dry?

— How often do your eyes feel irritated?
— Have you every been diagnosed with dry eye?

Morten Schjerven Magno, Tor Paaske Utheim, Harold Snieder, Christopher J. Harmond, Jelle Vehot. The reationship
between cry eye and Sieep qualty. The Ocular Surface. Volume 20. 2021. Pages 13-10. ISSN 15420124,

@]’ Sue Anschutz-Rodgers Eye Cenler

Relationship between dry eye and sleep quality

+ 8.9% had dry eye disease (WHS)
* In the dry eye group, 36.4% had poor sleep (24.8% of controls)

* 44.9% of patients with dry eye symptoms "often” or “constantly” had
poor sleep

 All components of sleep quality were affected in subjects with dry eye
— After correcting for comorbidities

+ Participants with poor sleep were 50% more likely to have dry eye

@]’ Sue Anschutz-Rodgers Eye Cenler
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| Odds Ratio for Poor Sleep Quality by | Highly symptomatic dry eye patients
. Condition . were more likely to have poor sleep
N N quality than someone with OSA!
° E 3 % g 3
@ o emcnon | — (e T —
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Worse DED Symptoms = Worse Sleep Quality

609 60

409

Prevalence of poor sleep quality (%)
Prevalence of poor sleep quality (%)

Never Sometimes Often Constantly Never Sometimes Often Constantly

Symptoms of dryness Symptoms of irritation

-Rodgers Eye Center

Conclusions

+ Sleep quality is reduced in dry eye patients of all demographics

utz-Rodgers Eye Center

ST e — e —
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Conclusions Conclusions

« After correction for comorbidities, dry eye symptoms were

strongly associated with poor sleep quality
» People with dry eye symptoms were 1.5x more likely to have
poor sleep
e i — Ry —

57 58

Conclusions Sjogren’s Syndrome Patients Have Worse Sleep

+ Participants with poor sleep quality were 50% more likely to
have dry eye

ischutz-Rodgers Eye Center

« Wang et al found a 81.7% prevalence of sleep disorders
amongst patients with primary Sjogren’s Syndrome

« 52.7% of Sjogren’s patients suffering from moderate or severe
sleep disorders

« 2017 systemic review concluded that SS patients with daytime
fatigue should be screened for sleep disorders

e, comelates, and impact of sieep disturbar with primery IntJ Rreum 43):367-373. dok

of the terature. Areumstology.

with primery Sogren's syncrome). Bejing

59
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Does poor sleep cause dry eye After 1 Night of Sleep Deprivation in Humans
or does dry eye cause poor sleep?

t Tear osmolarity

J TBUT

l Lacrimal gland secretions

e

@} Sue Anschutz-Rodgers Eye Cenler
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Sleep Deprivation in Mice Sleep Deprivation in Mice
3 o .o e Py Pl
£ g ° (= Y
o, TP 3 o . . 2 * W SD
* 50% reduction in = + Significant increase in £.
aqueous tear secretions 8 corneal sensitivity 3
s
after 2 days of sleep s ? 2
. . 12 ©
deprivation 5 £
o
© ' 4 @ @ 100 S°"0 a e 8> 100
su L1 K. Ning,J Zh0u, Y. Guo, H.Zhang, Y. Zhu f al. Sl deprvation disrupts
i e lacrimal syt and nduces dry 6 dsease. Exp Mol e 50 ) (2018)
= — E— = — E—
63 64
Sleep Deprivation in Mice Sleep Deprivation in Mice
3
« Increase in corneal staining § « Lacrimal gland (LG) hypertrophy b s -
é — Altered lipid metabolism % E *rs
2 « Decreased dopamine and .‘5% 10 Lo
20 4D 6D 8D 10D acetylcholine in LG tissue 2o
« Altered tear film amino acids 2g s
T
— Altered gene expression in LG 8
« Increased corneal epithelial apoptosis ° NC 20 10D
- |
Rl —— E— Rl —— E—
65 66
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Reversibility of Ocular Surface Changes
NCJ" ~ ) . 4D

Decreased corneal
staining after 14
4 days of rest

Sleep and Other Ocular Surface Diseases

« Patients with DED have worse sleep quality than patients with allergic
conjunctivitis or chronic conjunctivitis

« Patients with DED have worse sleep latency and higher anxiety/depression

ooy ] e s [
connciviis conkindiiis

Allergic
d conjincis I
Chr Chronic i
= connns (I conncins I — comncts [
£ Mid DED. [I— Mid OED | E—— Mid DED. |
& Increased tear
H i fter 14 Severe DED [I—] Severe DED [ Severe DED [—)
§ secretions arier 0 20 20 60 5 20 2 30 30 ) 50 60
3 days of rest .o pales witi PSI 20 Sleep latency (min) % of ptiets with HADS.D 25
g . ) . .
= - oy Poor sleep quality Time to fall asleep Anxiety/depression
i"{fj.‘i"&“’“:‘ff in;i:a g{:iggﬂ:aj in;i:a A i KN, T G M, Tk Sy o
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Sleep and Other Ocular Surface Diseases

« Compared to allergic conjunctivitis or chronic conjunctivitis
patients, DED patients have lower sleep duration and later bedtime

Bed time Sleep duration (h)
18 20 22 24 26 28 30 0 2 4 6 8 10 12 14

Chronic Chronic
conjunctivitis

Allergic Alergic
conjunctivits conjunctivits

Severe DED Severe DED

Mild DED Mild DED

—{—

——

—I—
—T—

St Anschutz-odgers Eye Center LAk, M Kashis, K Negsh, . Ghimeso, b Mimues, K T Seepand mond
UNVERSIT OF COUORADO ANSCIUTE MEDICAL CAMPUS G PR

Treating Dry Eye Improves Sleep Quality!

e~ AL

Sus Anschutz Rodgers Eye Cenler rwnmnrm,nwgyrmﬁsg‘!ny-mmﬁ
s improved sleep ity n petets Gease e raion.
LrmNT 4 o s s cnmres topical .merm 12 2016), pp. 329337 T
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Treating Dry Eye Improves Sleep Quality!

Identified new dry eye

patients

Initiated treatment
consisting of
hyaluronate, mucin
secretagogue, and
steroid

Treatment
significantly improved
sleep quality and

depression/mood
(PSQl and HADS)

Improvement in sleep attributed to alleviated ocular surface
irritation and the mental relief of a formal diagnosis and treatment

Sue Anschutz Rodgers Eye Center

M Avak, . Toda, N.Tachi, K Negish, K Tubota.

71
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Hypothesis of relationship between DED and Sleep

[ Unstable tear film ‘ |

Decreased tear secretion ‘

¥
_ Weakened defense mechanism and
proinfiammatory stalus
Photophobia | During sleep
Entrapped
‘ Eye fatigue ‘ Ocular discomfort | ‘ molecules and eigo’“si?‘e
Distressed by symptoms ST T

| Depression

Sleep difficulty

l

I

Sleep disorder in dry eye disease

Credit Ayaki et al

72
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How does sleep position affect DED? How does sleep position affect DED?
@ Q
BAc BELLY SIDE BACK BELLY
SI.EEPER SLEEPER SLEEPER SLEEPER SLEEPER SLEEPER

Side or face: increased lissamine green staining and higher OSDI scores

Side or face: increased lissamine green staining and higher OSDI scores
Back: less lissamine green staining and lower OSDI scores

Back: less lissamine green staining and lower OSDI scores

(0 st o SR NA T D — (@ snmereaens oo SR NA T D —
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Sleep Medications and Dry Eye Disease Obstructive Sleep Apnea and Ocular Surface

« Sleep medications often work like tricyclic antidepressants
— Decrease lacrimal gland secretions

« Common sleep medications include: Poorseep
— Doxepin (Silenor, Zonalon, Prudoxin)
— Eszopiclone (Lunesta)
— Suvorexant (Belsomra)
— Triazolam (Halcion)

Individuals with OSA
— 66.7% have associated dry eye
disease
— 54.17% have floppy eyelid syndrome
— *Dry eye is worse with CPAP/BIPAP

N — Increased meibomian gland dropout
- \
— Zaleplon (Sonata) — — _ Lower TBUT
— Zolpidem (Ambien) medications 3
— Trazodone (Desyrel) ¢
— Remelteon (Rozerem) NN *not always true
. N e 1) Shah, Priva V. et &, "The corr
« Both poor sleep and taking sleep medications may cause dry eye SOOI . oo s, e mlme.mu s s v ot
R one
@]’ Sue Anschutz-Rodgers Eye Center
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OSA and Floppy Eyelid Syndrome Positive Airway Pressure and Floppy Eyelids

« Bilateral, asymmetric
« Marked laxity of eyelids
— Decreased elastin
— Collagen changes to eyelids
« Friction related OSD
— Palpebral conjunctiva irritation
— Ocular surface irritation
« The prevalence of OSA in patients with floppy eyelid syndrome
ranged from 96% to 100% in the 2 retrospective case reviews
performed by McNab.

« Acar M et al assessed effects of positive airway pressure (PAP)
on the ocular surface over months

@mmwmmmsyemm
oo Acar M, Fiat ocuar sutace
e ——— o -:sp pﬁmc,maamuznuwmm-zz‘ " T
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Positive Airway Pressure and Floppy Eyelids

« Acar M et al assessed effects of positive airway pressure (PAP)
on the ocular surface over months

Vv v/

@T Sue Anschutz-Rodgers Eye Cenler

Acar M, Firat H Yuceege M, Ardc S. Long-term effects of PAP on ocular surface in ——
obsinuctive sieep apnea syndrorme. Can J Cpfthaimol. 2014 Ap49(2)217-221

Positive Airway Pressure and Floppy Eyelids

« Acar M et al assessed effects of positive airway pressure (PAP)
on the ocular surface over months

+ Long-term PAP therapy may improve the clinical picture of FES

@T Sue Anschutz-Rodgers Eye Cenler

Acar M, Fiat H, of PAP on ccuer suface in —

M, Ardic:
slesp apnea syncrome. Can J Qphthalmal. 2014 Aprd9i2:217-221
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Purpose of sleep for the ocular surface

« Eyelids create a mechanical barrier
during sleep

* REM promote aqueous humor flow
which increases nutrient supply to the
cornea

» REM distributes tears over the ocular
surface during sleep

‘Sue Anschutz-Rodgers Eye Center 1) Guilon, . for Al
(T s wons T ————
pite Feview

o e e s 2 Ecstein AB. ,of Optormetry VoL 21, No2

Incomplete Lid Seal / Incomplete Lid Closure

Affects ~5% of the population

80% of MGD patients report “eyelids

sticking to the eyes” in the mornings

Occurs in cases of FES

Worsened by CPAP air flow

Treatments

— MGD treatment

— Ung, moisture goggles, saran wrap,
eyelid reconstruction

Korb-Blackie Light Test

o e e s 2 Ecstein AB. ,of Optormetry VoL 21, No2

‘Sue Anschutz-Rodgers Eye Center 1) Guilon, . for Al
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Pro-inflammatory

cytokines (IL-6, IL-17
and TNF-a) were

In Shanghai, 60%
of residents in a
present in high levels psychiatric facility

were found to have

| dry eye disease

in the tears of

patients with
Tear N

Depression

depression
Meta-analysis

Infi ti { Motaanalye: Subjects with DED
nriammation are more likely to
ammation | peviewesr || 2o moreieye
depresginn is slehep _dlljra_(ior||,
? physiologica
approximately stress, and

threefold higher is
{ e paﬁemsJ depressed mood

(T sve Arschue rodgers e Center |

Pro-inflammatory
cytokines (IL-6, IL-17
and TNF-a) were
present in high levels
in the tears of

patients with
k depression

In Shanghai, 60%
of residents in a
psychiatric facility
were found to have
| dry eye disease ‘I

=

Dry Eye

Meta-analysis
showed the
prevalence of
anxiety and
depression is
approximately

threefold higher is |
dry eye patients

Psychiatric
disorders

Subjects with DED
are more likely to
experience short

sleep duration,
physiological
stress, and
depressed mood |

@T Sue Anschutz-Rodgers Eye Cenler
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Pro-inflammatory
cytokines (IL-6, IL-17
and TNF-a) were
present in high levels
in the tears of
patients with
depression

In Shanghai, 60%
of residents in a
psychiatric facility
were found to have
| dry eye disease

Anxiety — -

Meta-analysis

Dry Eye

Subjects with DED

showed the .
are more likely to
p:‘)’:;f;‘:‘;' experience short

sleep duration,
physiological
stress, and

depressed mood

Depression

depression is
approximately

| threefold higher is
dry eye patients

(T sve Arschue rodgers e Center |

Pro-inflammatory
cytokines (IL-6, IL-17
and TNF-a) were
present in high levels

in the tears of

patients with

In Shanghai, 60%
of residents in a
psychiatric facility
were found to have
| dry eye disease

=

depression

Poor sleep

Metaianalvels Subjects with DED

showed the .
e Stress
P;‘)’:;f;ﬁ;' experience short

lano leep duration
d Seepicuratony
opmesiiy rysegen
PP 4 stress, and

threefold higher is) | §

e G e depressed mood

Depression

@T Sue Anschutz-Rodgers Eye Cenler
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The Beijing Eye Study Eye Conditions Associated with Depression

« Purpose: Assess the prevalence of depression in the Beijing ‘

population (ages 50+) and its association with ocular diseases

oo s ag " <

« Depression = score >44 .

« Depression present in 2% of the population (66 individuals)

‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center

e e e e e e
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The Beijing Eye Study — Results

+ Dry eye was the only common ocular condition associated with
depression

utz-Rodgers Eye Center

The Beijing Eye Study — Results

+ Dry eye was linked more with depression than low visual acuity

[

92

The Beijing Eye Study — Results

+ Although this study had more extreme results, it aligns with a meta-
analysis of 28 studies by Zheng et al which found dry eye is more
frequently associated with depression than any other eye condition

(8 s rnrs o conie

The Beijing Eye Study — Results

+ Theory: patients with with depression/anxiety can experience
sensitization which increases pain perception making them more
susceptible to pain from dry eye disease (Galor et al)

piprivk e ———

@T Sue Anschutz-Rodgers Eye Center
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Burden of disease

Posterior ocular health and systemic disease

Thanks to Dr. Sherrol Reynolds for her contributions

(T e wsontarasos o oo

[ r—
e e ——
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Posterior conditions associated with poor sleep

» Glaucoma

» Papilledema

* Diabetic retinopathy

» Central serous chorioretinopathy

* Non-arteritic anterior ischemic optic neuropathy
+ AMD

Heinzer R, Va S, MerquesVidal P, Mert-Scer H, Andres D, Tobback N, e l. Prevalence of Sespisorered breatring n the generel
gt siucy. Lonoot Fecpir
H Kapoor KG.

Curr Opin Optithaimol.

‘Sue Anschuiz-Rodgers Eye Center
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Restless Legs Syndrome
Post sleep
Sleep Apnea
" G4 Sleep Paralysis
*+ Pa .
* Dic Sleeping Insomnia
. ce \Disorder A
Snoring
* No
© ANV Narcolepsy
[— Sleep Talking
BBER TR Exploding Head Syndrome
———e
‘Sue Anschutz-Rodgers Eye Center
e
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Restless Legs Syndrome
Post sleep
Sleep Apnea
" G4 Sleep Paralysis
*+ Pa .
* Dic Sleeping Insomnia
. ce \Disorder A
Snoring
* No
© ANV Narcolepsy
Vo vt o Sleep Talking
BREERTS Exploding Head Syndrome
———e
Sue Anschutz-Rodgers Eye Center
e

OSA

Characterized by episodic upper airway collapse
— Periodic reductions or cessations in ventilation

— Subsequent hypoxia

— Hypercapnia

— Arousals from sleep

Symptoms

— Daytime fatigue

— Morning headaches

— Snoring, choking, or gasping during sleep
Prevalence has increased by as much as 55% in certain age groups in two decades

Associated with increase systemic disease which impact posterior ocular health

Heinzer R, Vat S, Mara: etal ancet Respir Med.
DSouzaH KG, Reinal vascular menifestations of obs Cur pin Optthalmol
Sue Anschutz-Rodgers Eye Center
Sococenaine ——
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OSA Risk Factors

Older age =
. Male 4 d 9

— Affects 15-30% of males and 10-15% of females i
Obesity
— OSA affects about 75% of individuals with a BMI greater than 40 kg/m2

— 58% of moderate-to-severe OSA cases are attributable to a BMI greater than
or equal to 25

Upper airway anatomical abnormalities
Smoking

Family history

Sue Anschutz Rodgers Eye Center
oo e ——

OSA Eye Associations

Anterior segment
— Floppy eyelid syndrome
— Keratoconus
Posterior segment
— Glaucoma
— Non-arteritic anterior ischemic optic neuropathy
— Papilledema
— Central serous chorioretinopathy
— AMD
— Diabetic retinopathy and macular edema
— Retinal artery and vein occlusions

Sue Anschutz Rodgers Eye Center
oo e ——
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Mechanisms for OSA Ocular Damage
How does OSA
affect the

Obstructive Sleep Apnea Ocular Disease
oy Shared etiologies

Dasement membrane and connective issue integrity, | Disorders of ocular adnexa
inflammation

and ocular structures
. « vasodilation
posterior A s ek s PR
segment?

Con = Disorders of ocular blood flow
Pl Focurent NAION
localand (SRR RAO  RAVO
systemic circulation gl o
Ann, J., Gorin, M. The
chronic events Associaions o
Obstucive Sl Apras
« oxidative stress 1 Eye Disorders:
« sympathetic nervous system Bt g o
« blood pressure Disorders of ocular metabolism| Pathogen
* endothelial dysfunction land eament Cur S'eev
v Medicine Rep7, 65-79
i Derangements Shared etiologies f;’; (2021)
ast calls, Inflamimatory cyIoKInGs.
e oo POAG \
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ONH and RNFL OU Analysis:Optic Disc Cube 200x200

o> @[@os

S50year-old with OSA
the left eye.

OSA and Glaucoma

REVIEW ARTICLE

Obstructive sleep apnoea and glaucoma: a systematic review  * OSA Results in 40% Greater Risk
rv— and meta-analysis of Glaucoma
—— . .
5 S R s A
w ‘ e bt ke e et f e + POAG
n o * LTG (normal tension glaucoma)
e s owas o
oot . .“:':; o BTl ™ oo 2bout OSAS
[, eﬂecls on nong\aummato eyes, such as quantmable markers
- nge in the eye, looking at istic
- RS 8 o e chdd st e w46 skl o ety To sy opisin vlsual field defects, intraocular pressure (IOP) and retinal nerve
S T BRI RS | fioerlayer (RNFL) iickness.
et B A e
e e
[Emcs ==
) S “ the progression of ghsucoma to heip clinical decision making for patients.
e oS 2
o ., €
- o o
S Atz e Gl % = % L T = —
ners or oo o = o oo s e s glaucoma: a systemaiic review and meta-analysis. Eye (Lond). March 28, 2023.
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OSA and Glaucoma

e Mechanical Damage
. " - Raised IOP at night with OSA + OSA causes insufficient blood
e Eaameation o e supply and nourishment to the
s pogession. retinal nerve fiber layer and optic
+ This is due to raised episcleral
venous pressure that has been
suggested as an explanation
when laying in a supine
position

Vascular Damage

Normal Tension Glaucoma

* NTG appears to be more prevalent in OSA

« Presence of floppy eyelid syndrome in patients with OSA
is associated with a 4-fold+ increase in glaucoma (NTG
& POA(

Retinal N * 23%vs 5% p = 0.04
: Ganglion Cell Fibor Layer Optic Nerve Visual Field * 150 FES patients
Apoptosis w (GCC) death (RNFL)

Changes

Changes
Changes
Sus Anschutz Fodgers Eye Center Sue Anschuiz-Fodgers Eye Cenler BMC Ophthalmol. 2014 Mar 10;
o — EZoms o J Glaucoma. 2014 Jan;23(1):e81-5.
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Recent data suggests CPAP treatment improves ocular parameters associated

with glaucoma progression, including VF and RNFL thickness. Likely also
improves perfusion pressure.

Sue Anschutz-Rodgers Eye Center
S ceumone Cheang AJY, Wang SKX, Woon CY, et al.
o oo s e s a systemalic review and meta-analysis. Eye (Lond). March 28, 2023
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OSA and NAION

‘Sue Anschuiz-Rodgers Eye Center

110

[Association Between Sleep Apnea Syndrome and Nonarteritic Anterior Ischemic Optic
Neuropathy

et 5. Mojon, MO: Thomas . Hedges I, MO Bruce Envenberg,

> Author Afflations | Atce Information

The odds of NAION is increased 6-fold in those with OSA
Abstract (Wu et al, 2016)

Fenilisowimioniniiimeanly  Those treated with CPAP therapy, on the other hand, did not
have elevated NAION risk relative to controls.

[Methods We recruited 17 patients with NAION and 17 age.

among patients with NAION and matched controls using |

study using the binomial test. higher risk of a second eye involvement. (Stein et al, 2011).

[Results Tuvelve (71%) of 17 patients with NAION had SAS.
had severe SAS. Only 3 (18%) o 17 controls had 5AS (P =
prevalence study had SAS (P = 005). In the group older t
(p<.001).

Those with poor compliance to CPAP therapy had significantly §

[ conetusions We found a high pr  which hat o
approximately 75% of all patients with NAION discover visual use vision ping. o por-
tant role i the pathogenesis of NAION.

Pty e

L ]
Papilledema and Obstructive Sleep Apnea Syndrome

Val s = = =

Even after adjusting for obesity, Stein et al. still found significantly
higher incidence rates of I1IH and papilledema in patients with OSA.

Mixed evidence as to whether CPAP use is helpful.

cal features of optic disc edema associated with obstruc- saturation.
tive sleep apnea syndrome (SAS).
PE
Methods: A series of 4 patients with SAS and papil- | | nocturnal
ledema (PE) underwent complete phthal Icp Inthesei
logic evaluation and lumbar puncture. In 1 patient, con- | | intermittent ICP elevation is sufficient to cause persistent
tinuous 24-hour intracranial pressure (ICP) monitoring | | disc edema. These patients may be at increased risk for de-

was also performed.

with obesity-related pseudotumor cerebri because of asso-

Results: All 4 patients had bilateral PE that was asym-
metric in 2. Three patients had optic nerve dysfunction,
asymmetric in 1, unilateral in 2. Daytime and topresent
fluid pressure measurements were within normal range. | withvisual increased ICP.
Sié Nocturnal monitoring performed in one patient, how-

=% ever, demonstrated repeated episodes of marked ICP | Arch Ophthalmol. 2000;118:1626-1630

111

Central Obesity

Impede Venous
Return
From the brain

Increased
Intracranial Venous Pressure

@} Sue Anscuz-Rodgers Eye Center
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OSA Health Impact

Leading cause C \
of blindness -~
in working age
adults (20-74 year of age)

Cognitive Decline/ Stroke

&

Cardiovascular
Disease/ MI

¢

Kidney Disease

Other conditions:
Chronic Lung diseases
Hypothyroidism

Gastrointestinal conditions Vannan Kandi Vijayan (2012) Morbidities associated with obstructive

Parkinson disease sleep apnea, Expert Review of Respiratory Medicine, 6:5, 557-566,
@T Sue Anschutz-Rodgers Eye Cenler @T Sue Anschutz-Rodgers Eye Cenler
eyl Sraere ———
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OSA and Diabetes

« Short sleep (< 5.5 hours) triples the likelihood of T2DM in

. observational studies after all controls.

OSA and Diabetes - Severe obstructive sleep apnea increased incident
diabetes 71% over 13 years independently of adiposity.

« Both short (<5.5 hrs) and long (> 9 hrs) sleep duration are
significantly associated with adiposity & insulin resistance.

Diabetes Res Clin Pract. 2018 May;139:195-202

@T Sue Anschutz-Rodgers Eye Cenler

UNVERSIT OF GOLORADO ANSCIUTE MEDKCAL CAMPUS T
117 118
T OSA and Diabetes
[ Apnea | [_Hypopnea ] [ Rera |
S « During REM sleep, the number of hypoxic events per sleep hour is linked
[oxygen desaturation | [ Arousal | with diabetic retinopathy severity
1 \ « A better predictor of retinopathy is # of sleep events during which SpO2

| Sympathetic ‘._‘ ; Sleep _ decreases by at least 4%
l ~ RO ] « Upregulation of CLOCK genes increases retinal VEGF expression, leading
l to retinal neovascularization especially under OSA induced hypoxic

[—k'\ Increased
y cytokines cortisol = -
Circadian conditions
1 \ misalignment
- . Lipolysis, Song SO, He K, Nrta R, Kang HG,
Systemic inflammation 2 Ryu HU, Boyko EJ. Melabolic
fatty acids 5 % ructve Sieep
i Apnea Especally Pertining to
\ / Low melanin | e hainss and maulh Sensitiy
/ Diabetes Metab J. 2019 Apr;43(2):144-
— = 155, doi. 10.4093/dm 2018.0255.
[ insulin ] PRI 30803558 PRICID:
1 PIC6470104

e e
119 120
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OSA and Diabetes

« DR rates were 2-2.5X higher in patients
with untreated/under-treated OSA

OSA s associated with 5-fold increase in
the odds of progressing to severe NPDR
and PDR

Patients with CSME have better visual
outcomes when treated with a CPAP

Am J Respir Crit Care Med. 2017 Oct 1;196(7):892-900. Retina.
2014 Dec;34(12):2423-30. Respiration. 2012,84(4):275-82

S ——

@T Sue Anschutz-Rodgers Eye Cenler

THE EYE AS A WINDOW
FOR EARLY DIAGNOSIS OF
OBSTRUCTIVE SLEEP APNEA

Objective measures on OCTA may allow more effective management of this
common condition.

121

OSA and Hypertension & HTR

OSA leads to systemic hypertension as decreased pulmonary stretch, hypoxia, and hypercapnia lead to sympathetic
activation, decreased baroreceptor sensitivity, and activation of the renin-angiotensin aldosterone system

Liu Q, Lahey JM, Karlen R, Stewart JM. Laboratory e tes in patients with central retinal vein occlusion who are less than 56 years of
015 38 - 9

123
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The prevalence of severe OSA among patients with a newly diagnosed RVO
was 96% in a study of 27 patients, leading to a recommendation that all patients
with newly diagnosed RVO should be referred for polysomnography

Felfeli T, Alon R, Al Adel F. et
ngst h retinal

124

@T ‘Sue Anschutz-Rodgers Eye Center

OSA and Central Serous Chorioretinopathy

OSAis considered as a risk factor for developing CSCR

— significantly elevates circulating levels of epinephrine and cortisol

— autonomic dysregulation

Poor sleep quality (even without OSA) has also been shown to be a
risk factor for development of CSCR

@T Sue Anschuiz-Fodgers Eye Cenler |

125
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AMD - Risk Factors

E

Smoking UV Light Metabolic Syndrome

S g
Blue eyes Unhealthy diet

‘Sue Anschutz-Rodgers Eye Center ‘Sue Anschutz-Rodgers Eye Center

et 00 e e e et 08 e e e —

OSA and AMD Associations between age-related macular degeneration and
sleep dysfunction: A systematic review
« Retinal oxygen consumption is highest in the darkness Josh Tjunrong Sia MBBS, Ester P. X, Lee MSc, Chui Ming Gemmy Cheung FRCOphth, Eva K. Fenwick PhD,
— Requires 50% more oxygen in the due to the need to maintain the dark current Augustinus Laude FRCSEd(Ophth), Kam Chun Ho PhD, Beau J. Fenner MD, PhD .. See all authors 3 case—control studies
+ OSAlikely increases hypoxia in the outer retina First published: 17 August 2022 | https://doi.org/10.1111/ce0.14146 | Citations: 3 3 longitudinal cohort studies

1 cross-sectional study)
Ryan E. K. Man and Raymond P. Najjar contributed equally and are to be considered co-last authors

AMD was associated with increased rates of sleep apnea and poorer
reported sleep quality (4 studies)
Patients with sleep apnea or insomnia were at higher risk of developing AMD

(5 studies)
Al About Vision
R ——
‘Sue Anschutz-Rodgers Eye Center Yu D-Y, Cringle SJ. Outer retinal anoxia during dark adaptation ‘Sue Anschutz-Rodgers Eye Center
et 00 e e e ol Aol I | 2002:132:47-52. — et 08 e e e —
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OSA and AMD o fan &

« Short sleep duration increases the risk of
nvAMD
— In a case control study of AMD pts with

self-reported short sleep the relative risk of
CNVM was:

— 3.29 for 7-8 hourrs of sleep
— 2.25, for 6-7 hours of sleep
— 1.39 for > 8 hours of sleep
« Poor response to anti-VEGF treatment in
untreated OSA
« Better visual outcomes with
CPAP+Avastin than Avastin alone

Ophthalmic Epidemiol. 2016:23. Retina. 2016 Apr:36(4):791-7. (1):20-6.

P o ® e . . L.
@}:ns::fﬂ(mzm“wsmw Yu -, Gringle SJ. g car adpraton T — Sleep iS the best med|C|ne

e —— Physiol Aol ntegr Physiol 52, —
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Clinical Pearls

Ask your patients about sleep!
Counsel about sleep!

Discuss blue light in patients with poor sleep
Ask about timing of dry eye

— Check for incomplete lid seal or incomplete lid closure

Check for floppy eyelid syndrome and ask about OSA

Know that poor sleep, DED, and depression/anxiety likely exacerbate one another and
contribute to the overall burden of disease
Know the risk factors for OSA and the potential ocular consequences

Refer for polysomnography and sleep studies when you are suspicious for OSA

‘Sue Anschuiz-Rodgers Eye Center

Sococenaine T ——

Listen to your body!

133
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My family of 3

‘Sue Anschuiz-Rodgers Eye Center

My family of 3-...5!

L

Sococenaine T ——

‘Sue Anschuiz-Rodgers Eye Center

Thank you!

Any questions?

@} Sue Anscuz-Rodgers Eye Center

OSA Summary

OSA is severely underdiagnosed
— 60% of patients who report sleep apnea symptoms remaining undiagnosed
— Only 15% of those who are symptomatic receive diagnosis and treatment

OSA causes hypoxia, sympathetic overactivation, and hormonal dysregulation
that can lead to a number of posterior ocular health conditions

Each of these conditions can lead to permanent vision loss or blindness.

Treatment of these conditions without addressing underlying OSA leads to
ineffective or suboptimal treatment and significant cost

‘Sue Anschuz-Rodgers Eye Center

Kapur V, Strohl KP, Redine S, et al. Underdiagnosis of sleep
syndrome in U.S. communities. Sleep Breath 2002; 6:49-54
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