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Disease: Exploring the Impact of Hormonal Influence.   
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Ocular Surface Disease: 
Exploring the Impact of 
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DED Is one of the Most Common Eye Diseases 
in the United States1 

1. Karpecki PM, et al. Am J Manag Care. 2023;29(13)(suppl):S237-S247. 2. Paulsen AJ, et al. Am J Ophthalmol. 2014;157(4):799-806. 3. Farrand KF, et al. Am J Ophthalmol. 2017;182:90-98. 4. US Census Bureau. 
December 2022. Accessed December 5, 2023. https://www2.census.gov/programs-surveys/popest/tables/2020-2022/state/detail/SCPRC-EST2022-18+POP.xlsx 

2 

* Aged 18+ 

1 out of every 
7 American adults*4=38 

million 

American adults 
suffer from symptoms of DED1-3 



Sheppard J, et al. Ann Med. 2023;55(1):241-252. Moss SE, et al. Arch Ophthalmol. 2000;118(9):1264-1268. 
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Risk Factors for DED 

Systemic 
Medications 

Topical Medications 

Contact Lens Wear Ocular Surgery 

Systemic Disease 

Age Sex 

Environment Digital Devices 

Smoking 
Certain Anterior 

Segment Diseases 



Craig JP, et al. Ocul Surf. 2017;15(3):276-283. 
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Dry eye is a multifactorial disease of the ocular surface characterized 
by a loss of homeostasis of the tear film, and accompanied by ocular 
symptoms, in which tear film instability and hyperosmolarity, ocular 
surface inflammation and damage, and neurosensory abnormalities 

play etiological roles. 

DED: TFOS DEWS II Definition – 2017 

Loss of tear film 
homeostasis 

characterizes DED 
Tear film instability in DED leads to 

increased evaporation and hyperosmolarity, 
which leads to inflammation 

DEWS, Dry Eye WorkShop; TFOS, Tear Film & Ocular Surface Society. 



Reprinted with permission from Huang R, et al. Dry eye syndrome: comprehensive etiologies and recent clinical trials. Int 
Ophthalmol. 2022;42(10):3253-3272. Copyright 2022 by the Authors, under exclusive license to Springer Nature B.V. 

Evaporation 
spins the 
vicious cycle 
of 
inflammation 
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Dry Eye 
Syndrome 

• Prevalence is much higher among 
women 

• Aging is a risk factor    
• Sex hormones are key factors 
• Changing hormone levels / decreased 

androgens are contributory 



DED 

• Occurs more frequently in women than men 
• Significant risk factor for the development of DED is female sex 
• Sex-related difference in DED prevalence greatly attributed to the effects 

of 
• Sex steroids 

• Androgens, estrogens, hypothalamic-pituitary hormones, 
glucocorticoids, insulin, insulin-like growth factor 1 and thyroid 
hormones 

• Sex chromosome complement, sex-specific autosomal factors and 
epigenetics (e.g. microRNAs) 



Gender and DED 

• Gender is a risk factor for DED 
• Gender and sex have different meanings, although often used 

interchangeably 
• Gender – Person’s self-representation as a man or woman 
• Sex – Distinguishes males and females based on their biological 

characteristics 
• Both gender and sex affect 

• DED risk 
• Presentation of the disease 
• Immune responses 
• Pain 
• Care-seeking behaviors, etc. 



Sex, gender 
and hormones 

• Sex, gender and hormones 
play a major role in the 
regulation of ocular surface 
and adnexal tissues 

• Difference in DED 
prevalence between 
women and men 



Hormones 

• Hormone change during menopause could worsen DES 
• Previously thought sex hormone replacement therapy (SHRT) may improve 

DES 
• Epidemiologic studies 

• DES incidence in women on SHRT is GREATER than women not on SHRT 
• Specifically, higher incidence of DES of older women on SHRT, 

especially using estrogen alone 

Jensen AA, Higginbotham EJ, Guzinski GM, et al. A survey of ocular complaints in postmenopausal women. J Assoc Acad Minor Phys 2000; 11:44–49. Okon A, Jurowski P, Gos R. The influence of the hormonal 
replacement therapy on conjunctival epithelium morphology among peri- and postmenopausal women. Klinika oczna 2001; 103:183–186. Chia EM, Mitchell P, Rochtchina E, et al. Prevalence and associations of 
dry eye syndrome in an older population: the Blue Mountains Eye Study. Clin Exp Ophthalmol 2003; 31:229–232. Nagler RM, Pollack S. Sjögren's syndrome induced by estrogen therapy. Semin Arthritis Rheum 2000; 
30:209–214. Erdem U, Ozdegirmenci O, Sobaci E, et al. Dry eye in postmenopausal women using hormone replacement therapy. Maturitas 2007; 56:257–262. Uncu G, Avci R, Uncu Y, et al. The effects of different 
hormone replacement therapy regimens on tear function, intraocular pressure and lens opacity. Gynecol Endocrinol 2006; 22:501–505. 



Hormones 

• Increase in dry eye frequency and symptoms with longer SHRT use 
• Findings disagree with other studies 

• Menopause was a risk factor for DES, but SHRT was beneficial 
• Other studies 

• Estrogen therapy in women triggered or worsened the onset of DES 
and / or Sjögren’s syndrome 



SHRT 

• Theory for conflicting conclusions 
• Outcome of SHRT depends on 

• 1. Estrogen dosage 
• 2. Age of the individuals when therapy is first initiated 

• Estrogen may only benefit younger women 
• Estrogen detrimental and / or pro-inflammatory in postmenopausal women 

• 3. Type and combination of SHRT applied 
• Estrogen at physiological doses – early ages 

• Supportive of lacrimal gland function and preservation of anterior ocular 
surface health 

• At higher doses and/or in combination with other hormonal supplements 
would be harmful and/or induce inflammation 

• Elderly women would be more susceptible   



Androgens 

• Androgens impact structure and function of meibomian and 
lacrimal glands    

• Important in regulating the ocular surface and adnexa 
• Mediate many of the sex-related differences in these tissues 
• Androgen deficiency is associated with both aqueous-deficient and 

evaporative DED 

Sex hormones and the dry eye. Truong, S, Cole N, Stapleton F, et al. Clin Exp Optom. 2014 Apr 1. doi: 10.1111/cxo.12147. Knop E, Knop N, Millar T, Obata H, Sullivan DA. The international workshop on meibomian gland 
dysfunction: report of the subcommittee on anatomy, physiology, and pathophysiology of the meibomian gland. Invest Oph- thalmol Vis Sci 2011;52:1938e78. Sullivan DA, Wickham LA, Krenzer KL, Rocha EM, Toda I. 
Aqueous tear deficiency in Sjo€gren’s syndrome: Possible causes and potential treatment. In: Pleyer U, Hartmann C, Sterry W, editors. Oculodermal Diseases - Immunology of Bullous Oculo-Muco-Cutaneous Disorders. 
Buren, The Netherlands: Aeolus Press; 1997. p. 95e152. Truong S, Cole N, Stapleton F, Golebiowski B. Sex hormones and the dry eye. Clin Exp Optom 2014;97:324e36. 



Hormones and Dry Eye 

• Sex hormones influence the immune system 
• Suggesting that estrogen may modulate a cascade of inflammatory 

events, which underlie dry eye 

Sex hormones and the dry eye. Truong, S, Cole N, Stapleton F, et al. Clin Exp Optom. 2014 Apr 1. doi: 10.1111/cxo.12147. 



Endocrine system 

• Hormones include 
• Androgens 
• Estrogens 
• Progestins 
• Hypothalamic-pituitary hormones 
• Glucocorticoids 
• Insulin 
• Insulin like growth factor 1 (IGF-1) 
• Thyroid hormones 



Endocrine system 

• Plays a significant role in the regulation and sex-
related differences of the ocular surface and 
adnexa 

• Endocrine system hormones are involved in the 
development and/or treatment of aqueous-
deficient and evaporative DED 

Sullivan DA, Rocha ER, Aragona P, et al. TFOS DEWS II Sex, Gender and Hormones Report. The Ocular Surface. 2017 284-333. 



Androgen deficiency 

• Associated with corneal and conjunctival damage 
• Patients on anti-androgen therapy have 

• Significant decrease in (TBUT) 
• Significant increase in corneal fluorescein and rose bengal staining 
• Significant increase in inferior bulbar conjunctival rose bengal staining 

Cermak JM, Krenzer KL, Sullivan RM, Dana MR, Sullivan DA. Is complete androgen insensitivity syndrome associated with alterations in the meibomian gland and ocular surface? Cornea 
2003;22:516e21. 



• Cornea - hormone-responsive tissue 
that responds to changing levels of 
female sex hormones. 

• Review of structural and functional 
changes in the human cornea 
associated with the hormonal 
milestones of menarche, pregnancy, 
and menopause. 

• Review of consequences stemming 
from the use of exogenous sex 
hormones for fertility control and 
replacement. 

• Articles identified by a PubMed 
search. 



Primary 
Outcomes 
Evaluated Were 

• Changes in central corneal 
thickness (CCT) 

• Changes in intraocular 
pressure (IOP) 

• Tear film quality   



The effects of 
female sex 
hormones 

on the human 
cornea across a 

woman’s life cycle 

• Tear film changes during pregnancy may impact 
the function of the ocular surface 

• Hormonal shifts in menopause follow a pattern 
opposite to those in pregnancy 

• IOP tends to ↑ after menopause 
• CCT tends to ↓ after menopause 
• Higher incidence of DED among 

postmenopausal women 
• The cornea responds to external hormonal 

treatments, such as HRT and hormonal 
preparation for IVF 





• Potential use of sex hormones as therapeutic agents 
• Treatment of refractive errors 
• Topical application of estrogen eye drops resulted in a 0.6-diopter 

myopic shift that regressed with treatment cessation 

• “Understanding the physiological effects of female sex hormones on 
the cornea is important…knowledge can shape the management 
decisions physicians and women face about ocular health across 
their lifetimes.” 



DEWS II Diagnostic APPROACH: 
Subtype Classification TESTS 

Reprinted from Ocular Surface, 15, Craig JP, et al, TFOS DEWS II report executive summary, 802-812, Copyright 2017, with permission from Elsevier. 
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Tomlinson A, et al. Invest Ophthalmol Vis Sci. 2011;52(4):2006-2049. Lemp MA, el, Am J Ophthalmol. 2011; 151(5):792-798.e1 Wolffsohn JS, et al. Ocul Surf. 2017;15(3):539-574. 
Milner MS, et al. Curr Opin Ophthalmol. 2017;27(suppl 1):3-47. 
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Dry Eye Diagnosis: signs and symptoms 

• Validated dry eye questionnaire 

• One of the following: 
• Hyperosmolarity 

• Elevated: > 308 mOsm/L OR 
± 8 intereye difference 

• (+) Vital dye staining 
• Fluorescein and/or lissamine 

• TBUT 
• < 10 seconds 

© TearLab 

© Outcomes Research Group 

Image courtesy of Karl Stonecipher, MD 

Image courtesy of Leslie O’Dell, OD 



Tomlinson A, et al. Invest Ophthalmol Vis Sci. 2011;52(4):2006-2049. 
Wolffsohn JS, et al. Ocul Surf. 2017;15(3):539-574. 
Milner MS, et al. Curr Opin Ophthalmol. 2017;27(suppl 1):3-47. 
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Subtyping to aid in the diagnosis of EDE 

• TBUT 
• Meibography (structure) 
• Lid margin, expressibility, and 

quality and quantity of 
meibum (function) 

© 1994 American Academy of Ophthalmology 

Images courtesy of Alice T. 
Epitropoulos, MD, FACS 

© TearLab 

Image courtesy of Alice T. 
Epitropoulos, MD, FACS 



Effects of Sex Hormones on Ocular Surface Epithelia: 
Lessons Learned from Polycystic Ovary Syndrome 

(PCOS) 

• PCOS most common endocrine abnormality in women of reproductive age 
• Associated with 

• Type 2 diabetes 
• Obesity 
• Ocular surface disease 

Mantelli F, Moretti C, Macchi I, et al. J Cell Physiol. October 2015 



PCOS 

• Study evaluated 
• Signs and symptoms related to ocular allergy and dry 

eye in young women with PCOS 
• IDEA = Itchy-Dry Eye Associated with PCOS 

• Conjunctival hyperemia 
• Follicular reaction 
• Abundant mucous secretion 
• Occasional epithelial punctate keratitis 



Involved 
Hormones 

Receptor 
distribution 
sites 

Affected functions 

Cornea Estrogens 
Androgens 
Progesterone 

Epithelial cells 
Stromal cells 
Endothelial 
cells 

Corneal thickness 
Corneal curvature 
Corneal sensitivity 

Conjunctiva Estrogens 
Androgens 

Epithelial cells 
Goblet cells 

MUC1 and 
MUC5AC 
expression and 
maturation index 
of conjunctival 
epithelium 

Meibomian Glands Androgens Acinar cells Production of fatty 
acids and lipids 

Lacrimal Glands Androgens 
(M>F) 

Epithelial cells Lacrimal gland 
secretory activity 

Table from Effects of Sex Hormones on Ocular Surface Epithelia: Lessons Learned from Polycystic Ovary Syndrome (PCOS) 
Mantelli F, Moretti C, Macchi I, et al. J Cell Physiol. October 2015 





KC 
DEFIN ITION 

• Abnormal posterior ectasia 
• Abnormal corneal thickness 

distribution 
• Clinically non-inflammatory 

corneal thinning 



New US Based Prevalence Study 
● IKA & ICO United States Pediatric Data 

○ Prevalence of 1:352 

● Why? ADVANCED SCREENING DEVICES!!! 



Pregnancy and KC   

• Change due to rise in pregnancy-
related hormones (estrogen and relaxin) 

• Alter the biomechanical properties of 
the cornea and increase its refractive 
power 



Visualization of Keratoconus vs Normal 

● High Speed Scheimpflug Video Comparison 

33 

COPE 

Slide credit John Gelles, OD 



PREGNANCY AND KC   

• Case-controlled report 
• 22 patients with bilateral KC 
• 11 intended to become pregnant 
• 11 did not intend to become 

pregnant 

• Compared refractive and 
topographic data 

• Before pregnancy 
• During the third trimester 
• 6 months postpartum 

Naderan M, Jahanrad A. Topographic, tomographic, and biomechanical corneal changes during pregnancy in patients with keratoconus: a cohort study. Acta Ophthalmol. 
( )



PREGNANCY AND KC  

• 100% of eyes in the pregnancy group had significant KC progression 
• None of the eyes in the control group had progression 
• No evidence of reversal after pregnancy 
• No long-term follow up data 

Naderan M, Jahanrad A. Topographic, tomographic, and biomechanical corneal changes during pregnancy in patients with keratoconus: a cohort study. Acta Ophthalmol. 
( )



https://www.kff.org/mental-health/press-release/latest-federal-data-show-that-young-people-are-more-likely-than-older-adults-to-be-experiencing-symptoms-of-anxiety-or-depression/ 

https://www.kff.org/mental-health/press-release/latest-federal-data-show-that-young-people-are-more-likely-than-older-adults-to-be-experiencing-symptoms-of-anxiety-or-depression


• “The increased use of antidepressants within the community may result in more 
patients presenting with ocular complications of their therapeutics.” 

• Higher levels of systemic side effects such as dry mouth and drowsiness with those 
using tricyclic antidepressants than in those using SSRIs 



• Main ocular side effects of SSRIs 
• Dry eye   
• Possible development of cataracts 

• The presumed pathophysiology is the upregulation of serotonin in tear film and 
aqueous that induces inflammatory and apoptotic pathways in the corneal 
epithelium and lens fibers 
• Rare complications 
• Elevated intraocular pressure 
• Angle closure glaucoma (patients with narrow angles or being followed as a 
glaucoma suspect may require more frequent monitoring) 
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