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INTRODUCTION 
In eye disease, hormones play an important role, since it 

is known that their balance is an individual signature, 

and their production depends on the environment, age 

and disease. Hormones are the main orchestrators of the 

body’s physiology and affect organ and tissue behavior 

in two ways: directly, acting through cell receptors and 

modulating cell function, and/or indirectly, through 

regulation of metabolism and the organ and tissue milieu 

in which cell functions are carried out. 

 

The physiology of the eye, its health or disease state, also 

depends on the equilibrium of the several hormones that 

may affect its condition. As very often happens in 

biomedical research, recognition and understanding of a 

specific pathology is the key to the understanding of the 

mechanisms that regulate the normal functioning of 

organs and tissues. Only few researches in this field have 

progressed to explore the links between certain eye 

diseases and specific hormonal changes. A better 

understanding of this aspect of endocrine ophthalmology 

can make therapeutic interventions more precise and 

effective. 

 

As today, the role of sex steroid hormones and the exact 

mechanisms in maintaining the ocular health are still 

largely unknown. Gender-based differences may 

influence the occurrence of several ocular conditions 

suggesting the possibility that fluctuations in sex steroid 

homeostasis may have direct effects on the eye 

physiology.
[1,2]

 There is still a gap in our knowledge 

regarding the sex hormone and its role in not only 

determining sexual dimorphism but also in affecting the 

physiology of a non-reproductive system, such as that of 

eye. The developmental, anatomical and physiological 

ocular parameters differ significantly in males and 

females.
[3,4]

 Sex steroid hormones (SSH), such as 

estrogen, progesterone, and androgen, may be related to 

various ocular pathologies, as they can act through sex 

steroid hormone receptors present in the ocular tissue. 

Any pathology which is going to affect the levels of the 

sex hormone can affect the ocular tissues as well.
[5,36]

 

 

Sex Hormone: Synthesis and Target Tissues 
Primarily the gonads (ovaries or testes) and the adrenal 

glands synthesized and secrete sex steroid hormones, 

namely androgens, estrogens and progestogens, into the 

blood circulation.
[08]

 Cholesterol is the common 

precursor involved in the biochemical pathways for 

synthesis of sex hormones in the endocrine glands.  

 

The ovaries produce estrogen in females and smaller 

amount is produced by the testes in males and by adrenal 

glands in both the sexes. The testes mainly produce the 

androgens and to a lesser extent, androgens are also 

produced by the ovaries and adrenal glands. The steroid 

precursors are converted into sex steroids in the 

peripheral intracrine tissues such as the skin and adipose 

tissue.
[12]

 The adrenal glands produce the androgens 

namely dehydroepiandrosterone (DHEA), DHEA-

sulphate (DHEA-S) and androstenedione. These steroid 

precursors release into the circulation and allow for the 

production of half the active androgens in males and 

approximately three-quarters of estrogens in 
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ABSTRACT 

Sex steroid hormones have an influence, not only on the structure but also the functionality of ocular tissues, 

mainly the meibomian gland, lacrimal gland, conjunctiva, cornea, lens, and retina.  Also, there exists a sexual 

dimorphism as far as ocular tissues are concerned and changes in the sex steroid hormonal milieu affect the vision 

[1, 2, 3, 4]. Sex steroid hormones have also been proposed as a treatment of conditions like dry eye syndrome and 

high intraocular pressure. Still today, less of information exists per se the exact mechanism of action and the 

specific ocular processes affected by the sex hormone in ocular health and disease. Current understanding of sex 

hormone and their ophthalmic implications can reveal the underlying potential of sex steroids. 
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premenopausal females by the gonads and peripheral 

tissues.
[12]

 

 

In the presence of the 17 β-hydroxysteroid 

dehydrogenase (17 β-HSD) enzyme, the gonads and 

peripheral intracrine tissues are capable of converting 

circulating gonadal and adrenal androstenedione into 

functionally active testosterone.
[13,14]

 The aromatase 

enzyme complex converts the testosterone and 

androstenedione that are synthesized by the ovaries and, 

to a lesser extent, the testes and peripheral tissues, into 

estradiol and oestrone respectively.
[13]

 The enzyme 5 α-

reductase converts the testosterone further into a more 

potent androgen, dihydrotestosterone (DHT) in 

peripheral tissues. Adjustments to amount of active sex 

hormone available in the tissue can be made according to 

local requirements and is done by regulating the level of 

expression and activity of steroidogenic enzymes in 

peripheral intracrine tissues.
[12,15,16]

 

 

Many peripheral target tissues including the human 

ocular surface and adnexa contain the enzymatic 

machinery necessary for intracrine synthesis and 

metabolism of androgens and estrogens.
[15,17,18]

 Although 

epithelial cells of the human lacrimal gland, meibomian 

gland, conjunctiva and cornea have been shown to 

contain messenger RNAs (mRNAs) for steroidogenic 

enzymes, such as 17 β-HSD, aromatase and 5 α-

reductase further studies are required to determine 

whether these mRNAs are subsequently translated into 

proteins that produce enzymes for the synthesis of sex 

steroid hormone.
[15,17,19]

 The peripheral tissues produce 

sex hormones and exert their effect to initiate 

transcriptional regulation of target genes, also known as 

‘classical’ genomic actions, by local binding to hormone-

specific receptors inside the nucleus or cytoplasm of the 

target cell.
[16]

 The mRNAs for sex hormone receptor in 

the lacrimal gland, meibomian gland, conjunctiva and 

cornea of humans and various animal species are 

translated into hormone receptor proteins.
[20,21]

 After the 

hormonal binding to the receptor, the hormone-receptor 

complex interacts with a specific DNA sequence within 

the target cell nucleus and modulates gene transcription 

and expression.
[22,23,24]

 The number of genes influenced 

by exposure to sex hormone appears extensive in the 

ocular tissues and also includes genes responsible for 

lipid secretion and wound repair.
[25]

 

 

Sex Hormone: Ocular Tissue Response 

3.1 Sex Hormone and the Meibomian Glands 
To increase the surface tension and promote stability of 

the tear film to prevent evaporation of the underlying tear 

layers, the meibomian glands produce and secrete 

lipids.
[26]

 Sex hormones have a role in regulating the 

function of meibomian glands.
[07,27,28,29]

 The meibomian 

gland function and the meibomian gland lipids, both 

quality and quantity has been found to be enhanced by 

the androgens.
[28,30]

 Whereas the estrogens and 

progesterone have a role in suppression of sebaceous 

gland functions and thus reduces lipid production. 

The meibomian gland is the target organ for androgens 

and its function to some extent is regulated by 

androgens.
[17,20,22,28]

 Meibomian gland dysfunction and 

compromised meibomian gland secretions may result 

from low androgenic activity and lead to evaporative dry 

eye.
[06,07,31,32]

 Such changes are associated with age and 

gender and are reported in individuals non-responsive to 

androgen, due to use of androgen antagonists or 

dysfunctional androgen receptors.
[06,07,31,32]

 The levels of 

circulating androgens in women is found to be inherently 

lower as compared to men and there is also an age-

related reduction in gonadal androgen production in both 

male and female.
[22,33]

 This might contribute to increased 

risk of dry eye in these populations.
[31,32,34]

 In females 

under 30 years of age, the total androgen production is 

approximately two-thirds of that found in the males.
[33,35]

 

Thereafter in both the sexes, the adrenal secretion of 

precursor steroids is found to be markedly decrease with 

only 30 percent of peak levels remaining in the females 

of menopausal age.
[33,35]

 A structural and functional 

meibomian gland change has been observed in both men 

and women with advancing age. Reduction in quality and 

quantity of meibomian gland lipids leads to signs and 

symptoms of dry eye that may be exacerbated further by 

the concurrent increase in age-related eyelid and eyelid 

margin abnormalities seen with chronic 

blepharitis.
[31,46,47,92]

 The fact that women with 

dysfunctional androgen receptors due to complete 

androgen insensitivity syndrome and men using anti-

androgen therapy for prostate cancer show signs of 

ocular surface abnormalities and significant meibomian 

gland dysfunction, emphasizes upon the fact that the 

androgens are important in the regulation of meibomian 

gland function.
[06,07,32]

  

 

Predisposition of the meibomian glands to the influence 

of female sex hormone is suggested by the presence of 

estrogen and progesterone receptors in the meibomian 

glands of human and various animal species.
[20,54,55]

 The 

action of androgens is antagonized by the influence of 

estrogen on the meibomian gland, with resultant effects 

of dysfunction of meibomian glands and suppression of 

lipid synthesis leading to evaporative dry eye. The 

exacerbation of signs and symptoms of dry eye in post-

menopausal women using estrogen replacement therapy 

is explained by antagonistic effects of estrogen. 

However, the direct influence of estrogen and 

progesterone on the human meibomian gland is yet to be 

understood. The estrogens have shown to have negative 

effects on the function and structure of sebaceous glands 

in other tissues of various species and meibomian gland 

is a large sebaceous gland.
[36,38,56,88,91]

 Although both in 

males and females the number of estrogen receptors 

expressed in the human meibomian gland is similar.
[54,55]

 

Thus the number of estrogen receptors may be weakly 

related to stability of the tear film lipid layer or to 

subjective symptoms of dry eye.
[55]

 The effects of 

estrogen in sebaceous gland are not a result of direct 

interaction with their receptors but rather indirectly, 

through antagonizing the action of androgen.
[88]

 In the 
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sebaceous glands it appears that estrogen and androgens 

antagonize the regulation of binding sites that correspond 

to the opposing hormone. Thus, a higher prevalence of 

dry eye in women is due to reduction in androgenic 

activity, rather than an increase in estrogen action. This 

provides a plausible explanation for the increased 

frequency of dry eye in post-menopausal women despite 

the cessation of ovarian estradiol production. So it's the 

effects of androgen, rather than of estrogen or 

progesterone, that are responsible for the mechanisms 

that underlie the sex-related differences in biological 

processes, molecular functions and cellular components 

in the meibomian gland.
[11,23]

 

 

3.2 Sex Hormone and the Lacrimal Gland 
The lacrimal glands have the primary function of 

synthesis and secretion of water and electrolytes and 

proteins that contribute to aqueous layer of the tear 

film.
[62,63]

 Sex hormone regulates the gene of 

transcription and to some extent mediates the structure 

and functionality of the main lacrimal glands.
[64]

 

Recently it has been found that the genes for estrogen 

and androgen receptors are also expressed on the 

accessory lacrimal glands.
[63]

 There is a sex-related 

variation in function of the lacrimal gland and it has a 

role in modulating the morphology, molecular biology, 

biochemistry and secretory immune system of the tissue 

in various animal species and androgens are found to be 

partly accountable for this influence.
[67,68]

 Whereas the 

roles of estrogens and progesterone in the lacrimal gland 

is unclear.
[69]

 

 

For the androgens, like the meibomian gland, the 

lacrimal gland is also a target organ.
[64]

 There is 

significant influence of the androgens on the sex-related 

functional, structural and pathological characteristics of 

lacrimal gland.
[67]

 In autoimmune disease such as 

Sjögren's syndrome, there is a reduced influence of 

androgen that results in changes of inflammation in the 

lacrimal gland and leads to aqueous-deficient dry eye.
[72]

 

In female with altered endocrine states, the dry eye is 

related to reduce in serum androgen levels. Despite the 

variable estrogen levels observed in women after 

ovariectomy or menopause and during use of oral 

contraceptive, a primary lacrimal gland deficiency has 

been noted.
[73]

 These observations contrast with those in 

men taking anti-androgen therapy, who do not show a 

change in their tear secretion
[74]

, suggesting that 

androgen action may be sex-specific. 

 

Although the molecular functions, biological processes 

and cellular components of the lacrimal gland are 

influenced by the estrogen and progesterone, the nature 

and extent of the influence is yet to be fully understood. 

Some studies in relation to progression of inflammation 

and autoimmune disease in the lacrimal gland have 

shown that the estrogen and/or progesterone may have a 

role.
[65]

 Whereas few studies also suggest significant 

anti-inflammatory influences on the anatomy and 

physiology of the tissue by these hormones.
[69]

 Some 

studies have shown that a diminishing levels of 

circulating estrogen and progesterone leads to increase in 

inflammatory cytokines, diffuse fibrosis and atrophy of 

the lacrimal gland and making the post-menopausal 

women susceptible to dry eye syndrome.
[70]

 

 

3.3 Sex Hormone and the Conjunctiva 
The sex hormone can have a direct influence on the 

tissues of the ocular surface, including the conjunctiva, 

cornea and tear film. The mucin layer helps to stabilize 

the tear film and thus lubricate, hydrate and protect the 

ocular surface. It is derived from the conjunctival goblet 

cells that have a central role.
[75,76,77]

 Patients with dry eye 

exhibit alteration of goblet cell density and changes in 

mucin distribution on the ocular surface that have 

implications for tear film stability.
[78,79]

 Of all the 19 

types of mucin identified, at least four types are present 

on the ocular surface of humans.
[80,81]

 The conjunctival 

goblet cells produce secretory mucin MUC5A, which is a 

large gel-forming glycoprotein.
[81]

 A study showed a 

reduced MUC1 and MUC5AC protein expression in the 

mucous layer of tear film conducted in women with 

complete androgen insensitivity syndrome and dry 

eye.
[84]

 The reduction in MUC5AC expression with 

androgen deficiency has been attributed to compromised 

goblet cell function rather than a decline in goblet cell 

number.
[84,85]

 

 

During menstruation and menopause, a cyclical variation 

in the conjunctival epithelium has been observed. Even 

the maturity of the conjunctival tissue strongly correlates 

with the levels of estrogen. Another surprising fact is the 

bleeding through ocular tissue which accounts for 1% of 

all extragonadal sites of vicarious menstruation.
[36]

 

 

The conjunctival epithelium is estrogen sensitive and the 

cells show changes in the mucin production and 

maturation that follows the variation of hormone during 

the menstrual cycle.
[66]

 The conjunctival epithelium 

consists mainly of immature parabasal cells during the 

menstrual phase of the cycle as both estrogen and 

progesterone levels are at their lowest.
[61,90]

 The relative 

proportions of parabasal, intermediate and mature 

superficial conjunctival cells correspond to the relative 

levels of estrogens and/or progesterone in the menstrual, 

luteal and follicular phase, respectively.
[88,89]

 These 

maturational changes in the conjunctival epithelium are 

absent post-menopause.
[88,61]

 

 

3.4 Sex Hormone and the Cornea 
Alteration in the circulating hormone levels has influence 

on corneal and conjunctival tissues as these tissue are 

sensitive to the changes. Ocular symptoms can develop 

as a result of corneal alterations, including changes in the 

corneal sensitivity and visual function which in turn is 

influenced by the hormonal changes that occur with the 

menstrual cycle, contraceptive use, pregnancy, 

menopause and hormone replacement therapy.
[81,82,83,84,85]

 

The functional and structural changes that occur in the 

cornea and conjunctiva during menstruation have been 
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attributed to the effects of estrogen and/or progesterone, 

as the testosterone levels remain relatively consistent 

throughout the cycle.
[71,89]

 Receptors for estrogen and 

progesterone are expressed on cornea and these 

hormones are available to the cornea from aqueous 

humour or the tear film. Phases of elevated estrogen 

reduce the corneal sensitivity and disrupt the feedback 

mechanism to the lacrimal gland for normal tear 

production.
[86,87]

 Studies have shown the influence of sex 

steroid hormones and altered corneal functions and 

topography under different physiological conditions. The 

presence of estrogen receptors, progesterone receptors, 

and androgen receptors in the nuclei of corneal 

epithelium has been also shown. During pregnancy, 

premenstrual phase, and lactation there are changes in 

the corneal curvature and thickness that can result in 

visual changes and vision disturbances.
[4,91]

 These studies 

imply that sex hormones have a role in the regulation of 

corneal anatomy and physiology.  

 

3.5 Sex Hormone and the Lens  
A sexual dichotomy has been observed in age-related 

cataracts; with the females having a higher incidence of 

cataracts, as compared with age-matched men. However, 

only the postmenopausal females have this increased 

risk.
[38,40]

 In females the sex steroid hormone have a 

protective effect in context of cataractogenesis and has 

been supported by the Beaver Dam Eye Study that 

suggests estrogen to have a protective effect on lens in 

perspective of age-related opacities.
[37]

 The result also 

showed that there is a decreased risk to develop severe 

nuclear sclerosis with current use of post-menopausal 

estrogen. Also from menarche to menopause the women 

is a protected and there is decreased risk of nuclear 

sclerosis and cortical opacities. Proper ionic milieu and 

hydration of lens cells are essential to maintaining the 

transparency of the crystalline lens. The retention of 

hydration and increase in water imbibition in the target 

tissues are influenced by estrogen. Estrogen by its non-

genomic action maintains proper ionic composition in 

the target tissues.
[39]

 Thus the maintenance of the ionic 

composition and hydration status in the lens, confer 

protective role of estrogen.
[3,38]

  

 

3.6 Sex Hormone and the Retina 
Studies suggest a relationship between estrogen and 

retinal disorders. Various known and unknown 

mechanisms are responsible for the protective role of 

estrogen on retina. Various genomic and non-genomic 

effects prevent retinal changes and this effect confers the 

protective influence of estrogen on the target tissue.
[93]

 

Epidemiological studies have indicated eye disorders 

such as cataract, idiopathic full-thickness macular hole 

and age-related macular degeneration (AMD) are 

associated with age and sex, and showed an increased 

incidence of eye diseases in the aging population, in 

particular the postmenopausal females.
[51,53]

 The increase 

in morbidity due to ocular problem observed in the post-

menopausal women can be related to decrease in the 

levels of the hormone. Prevalent incidence of AMD in 

post-menopausal women has been linked to steep decline 

in the circulating estrogen levels. Eye Disease Case–

Control Study Group showed an increase in the 

incidence of macular degeneration in post-menopausal 

females who are estrogen deficient.
[50]

 Several cellular 

processes including inflammation are found to be 

regulated by estrogen.
[57]

  

 

In the elderly male population, there is a gradual 

decrease in circulating sex steroids and androgens along 

with slow and long-lasting decline in the hormonal 

activity.
[58]

 The decline in the sex steroids acts as 

inducers of milieu changes in the retina that in turn 

influence the pathological events in the aging eye.
[59]

 

 

3.7 Sex Hormone and the Intraocular pressure (IOP) 
There are studies showing the role of estrogen treatment 

in lowering of intraocular pressure in post-menopausal 

females whereas no significant effect of estrogen 

treatment in males and pre-menopausal females. Studies 

also revealed the therapeutic role of estrogen as an 

adjunct in the treatment of glaucoma. Role of sex 

hormone in controlling the intra-ocular pressure has been 

shown and supported by studies showing a rise in 

intraocular pressure during the menstrual phase and 

lowering of intraocular pressure in cases of glaucoma 

with estrogen and progesterone.
[3,4,11]

 

 

3.8 Sex Hormone and Ocular Apoptosis 
There is evidence that different ocular tissues undergo a 

programmed cell death. Gender-related differences can 

influence variable gene expression which in turn can 

mediate a programmed cell death in ocular tissues.
[9]

 The 

secretion of sex steroid hormones is controlled by 

hypothalamic neuroendocrine axis, which in turn can be 

affected by melatonin secreted from the retinal tissue and 

mainly secreted by the pineal gland.
[10]

 

  

CONCLUSION 
Diabetic retinopathy is the most common complication 

of diabetes mellitus that impairs the individual 

functioning and diminishes the quality of life. It 

ultimately imposes sever health burden on society and 

can cause significant morbidity if not addressed 

appropriately. The modifiable and non-modifiable risk 

factors are found to be the reason for the development of 

the diabetic retinopathy. The treatment modalities for 

management of diabetic retinopathy are available and 

found to be efficacious in different controlled studies, but 

the best treatment is prevention and strict control of the 

risk factors. In conclusion, overall health of the patients 

affects the development of diabetes and diabetic 

retinopathy. Health education about the maintenance of 

good systemic health and motivation of patients to strive 

for better management of issues related to health is a 

shared responsibility of ophthalmologists and other eye 

care providers. 
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