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Abstract

Gender medicine is a medical specialty that addresses gender differences in

health and disease. Traditionally, medical research and clinical practice have

often been focused on male subjects and patients. As a result, gender differ-

ences in medicine have been overlooked. Gender medicine considers the bio-

logical, psychological, and social differences between the genders and how

these differences affect the development, diagnosis, treatment, and prevention

of disease. For ophthalmological diseases epidemiological differences are

known. However, there are not yet any gender-based ophthalmic treatment

approaches for women and men. This review provides an overview of gender

differences in retinal diseases. It is intended to make ophthalmologists, espe-

cially retinologists, more sensitive to the topic of gender medicine. The goal is

to enhance comprehension of these aspects by highlighting fundamental gen-

der differences. Integrating gender medicine into ophthalmological practice

helps promote personalized and gender-responsive health care and makes

medical research more accurate and relevant to the entire population.
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1 | INTRODUCTION

“Gender medicine” looks at differences between women
and men in different physiological and pathological pro-
cesses, taking into account both the biological (“sex”) and
the sociocultural (“gender”) dimensions. Biological “sex”
refers to a person's biological and physical characteristics,
which are classified based on their reproductive functions
such as reproductive organs, sex hormones, and gene
expression of the X and Y chromosomes. The term
“gender,” on the other hand, refers to the social, cultural,
psychological, and behavioral aspects associated with
gender in a particular society or culture. Gender is a
social construct and refers to the expectations, roles,
norms, and behaviors attributed to a particular gender
identity in a society. Men and women differ in terms of

prevalence and incidence of diseases; but also in the
diseases themselves, their courses and reactions to
different therapies and drugs.

“Gender-specific medicine” emerged in the 1980s,
particularly in the field of cardiology. In “The Yentl
Syndrome” Healy reports that much of the cardiology
research in the 1980s focused predominantly on the symp-
toms of ischemic heart disease (IHD) in male patients. In
contrast, the adverse effects of IHD in women received
less attention. In addition, women were underdiagnosed
and undertreated.1 The name “Yentl” was inspired by the
main character in the short story “Yentl.” In the narrative,
Yentl adopts a male identity to pursue Talmudic studies
at a male Jewish school in 19th-century Poland.2 Since
the publication of Healey's work, there have been
increased efforts to support and advance gender medicine.
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Further studies reported worse outcomes of women with
heart attacks as their symptoms are more unspecific and
different from the classic symptoms like those of men.
Gastrointestinal complaints or general fatigue were not
always interpreted as cardiac-related. Therefore, misdiag-
nosis was more frequent, there were delays in diagnosis,
therapy and increased mortality rates compared to
men.3,4 Norberg et al. addressed the significant difference
between the proportion of females in the big randomized
trials and the real-world heart failure population. In
this discrepancy, they saw a significant factor that adds to
the current knowledge gap in the treatment of women
with heart failure.5 In 2001, a recommendation on the
development and implementation of strategies for gender-
specific health care was published by the World Health
Organization.6 Despite this recommendation, gender
medicine is still relatively unknown today.

In ophthalmology, gender medicine is not a common
topic either. Epidemiological differences in some diseases
are known. However, these differences have not yet resulted
in a distinct methodology for the practical approach includ-
ing diagnostics and treatment of patients.

Ophthalmologists should approach and treat patients
with a “gender-sensitive” view. With this review we
would like to highlight gender differences in different ret-
inal diseases and sharpen the “gender-sensitive” view. A
better understanding of gender health disparities will
help make patient treatment and care more individual-
ized and equitable. A summary of gender prevalence
rates of the here discussed retinal pathologies can be
found in Table 1.

2 | ANATOMICAL DIFFERENCES

In 2018, Polin et al. published that they were able to pre-
dict the patient's gender using their deep learning (DL)
model based on color fundus photographs.54 Further
studies have followed, which confirmed that gender can
be very accurately distinguished using DL models on
color fundus imaging but also on single OCT scans.55

Accordingly, there must be differences between males
and females at the posterior pole that are not easily
identifiable for the ophthalmologist at first glance. The
physiologic cause and effect relationships of this gender
prediction mystery are still not readily apparent. Further
attention map analysis showed that characteristics within
the optic disc area are suggestive of a male prediction,
while specific features at the macula region were impor-
tant for the algorithm to predict a female sex54 (Figure 1).
In case the fovea or the optic nerve head was not clearly
visible on the photographs, prediction was rather ran-
dom55 (Figure 2).

Also, on OCT scans the algorithm focused on the
foveal regions. Between the sexes, the relative sizes, levels
of brightness etc. appear to be similar. This implies the
presence of structural but localized differences in the
retinas of men and women.56

Studies using spectral-domain optical coherence
tomography have shown that the central retina is sub-
stantially thicker in men.57,58 These differences in retinal
thickness already appear to exist in young patients: in a
study of children suffering from type I diabetes and
healthy controls, the retina was thicker in both diabetics
and controls in boys than in girls.59 Further studies
looked at the individual structures and showed that only
the outer plexiform layer (OPL), inner nuclear layer
(INL), outer nuclear layer (ONL) and photoreceptor outer
segment length are greater in men.60,61

In contrast, the layer of the retinal nerve fiber is
greater in women.60,62

In addition, the foveolar avascular zone (FAZ) differs:
Goméz-Ulla et al. were able to show that female sex is
associated with a significantly larger FAZ. This applies to
both the superficial and deep macular FAZ. In women,
the FAZ size seems to change with age.63 It was observed
that the FAZ was significantly smaller in younger age
groups compared to older ones. In men, it appears that
age does not have an influence on the size of the FAZ.
Hormonal changes in women with increasing age may be
the cause for these differences in changes in retinal
structures.

Many differences between the genders can be attrib-
uted to hormonal factors, which is why a pure gender
comparison is often complex. Sex hormone receptors
have been identified in various tissues of the eye. Women
experience distinct hormonal fluctuations at different life
stages, including prepubertal, pubertal, menstrual, and
postmenopausal phases. Additionally, variations in hor-
mone concentrations are evident during different men-
strual cycle phases and pregnancy, leading to more
significant fluctuations in women's hormonal profiles
throughout their lives compared to men. This dynamic
nature makes direct comparisons with men challenging.
To better understand gender differences, it is useful to
consider the influence of these hormonal changes. An
example of this might be to examine the prevalence rates
of certain conditions, such as diabetic retinopathy (DR),
in males and females at different lifetime stages. By
comparing prevalence rates, one could identify potential
sex-specific associations.

It is also discussed that altered regulation of blood
flow may contribute to gender differences in the inci-
dence of ocular disease.64 However, knowledge on differ-
ences between men and women in ocular blood flow and
how this is controlled is limited. Reported findings from
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TABLE 1 Overview of gender differences in various retinal diseases.

Retinal disease Gender differences

Vascular diseases

DR Controversial results. Multiple factors such as age, type of diabetes and ethnicity need to be taken into
account.

RVO <55 years: higher prevalence in women
>55 years: higher prevalence in men7,8

Mac Tel Type 1A: predominantly men9

1B: predominantly men10

2: probably slightly higher prevalence in women (68%)11,12

3: limited data

Degenerative diseases

CSCR M:F = 6:113

AMD Worldwide controversial results: ethnicity and access to health care need to be taken into account
presumably higher prevalence in Caucasian women14–17

Pathologic myopia Anterior myopiaa: higher prevalence in (younger) men, posterior myopiab: higher prevalence in (older)
women18

RD Higher prevalence in men19

Macular holes M:F = 1:1,2 (India) to 1:7 (China)20–22

Hereditary diseases

RP Slightly higher prevalence in men23

Stargardt Disease Controversial results. potential effect of different risk alleles
potentially higher prevalence in women24 with mild ABCA4 alleles.

Uveitis infectious

Syphilis Higher prevalence in men (87%–90%)25–27

Tuberculosis No gender differences28,29

CMV Controversial results: potentially higher prevalence in women30,31

Toxoplasmosis No gender differences32–34

Non-infectious

JIA Dependent on subtype, overall 50%–80% of JIA patients are female35

Oligoarticular JIA (highest risk of uveitis): higher prevalence in young female patients25

SLE Higher prevalence in women (88%–90.5%),36–38 ocular involvement M:F = 1:1739

MS Higher prevalence in women (78%),40

MS-associated uveitis: higher prevalence in women (75%)41

Sarcoidosis higher prevalence in women (55%–64%),42,43

ocular sarcoidosis: M:F = 1:325,44

VKH Higher prevalence in women (70% in Brazil,45 78.7% in USA,46 84.4% in India47)

BD Higher prevalence in men (54%–85%)48,49

ocular manifestations: higher prevalence in men (also more common: posterior segment complication and
poorer visual outcomes)25,50

HLA-B27- associated
anterior uveitis

Higher prevalence in men: F:M = 1: 2.551

WDS Higher prevalence in women: MEWDS (50%–91%), BSCR (58%), MCP (75%), PIC (85%), AZOOR (79%),
potentially higher prevalence in men: APMPPE (54%)52,53

Abbreviations: AMD, age related macular degeneration; APMPPE, acute posterior multifocal placoid pigment epitheliopathy; AZOOR, acute zonal occult outer

retinopathy; BD, Behçet disease; BSCR, birdshot chorioretinopathy; CMV, cytomegalovirus; CSCR, central serous chorioretinopathy; DR, diabetic retinopathy;

HLA, human leukocyte antigen; JIA, juvenile idiopathic arthritis; Mac Tel, macular telangiectasia; MCP, multifocal choroiditis and panuveitis; MEWDS,

multiple evanescent white dot syndrome; MS, multiple sclerosis; PIC, punctate inner choroidopathy; RD, retinal detachment; RP, retinitis pigmentosa; RVO,

retinal vein occlusion; SLE, systemic lupus erythematosus; VKH, Vogt-Koyanagi-Harada; WDS, white dot syndromes.
aDefined as lattice degeneration, rhegmatogenous retinal detachment, retinal tear or retinoschisis.
bDefined as myopic maculopathy, macular hole, staphyloma, angioid streaks, retinal neovascularization, cystoid macular degeneration, exudative retinopathy,

retinal pigmented epithelium detachment, vitreomacular adhesion or epiretinal membrane.
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a study conducted on normal and glaucomatous eyes of
adult Chinese aged 40 years and older indicate signifi-
cantly thinner arteries in glaucomatous eyes.65 However,
there were no significant differences identified in terms
of gender. The analysis of data from the Beaver Dam Eye
Study in contrast showed that men exhibited slightly
smaller mean retinal arteriolar diameters (202.5 vs.
201.0 μm) and venular diameters (232.4 vs. 227.1 μm)
compared to women.66 Given that both studies included
only patients aged 40 and older, it should be noted that
gender differences may be present in younger subjects.
Further studies could find a higher retrobulbar blood
velocity in the ophthalmic artery and a lower blood veloc-
ity for the short posterior ciliary artery in male patients
in contrast to female patients (not taking hormone sup-
plements). The results showed statistical significance
solely for patients <40 years.67 In addition, in male
patients age did not appear to influence the flow in the
choroid. A notable increase in choroidal blood flow was
observed in women <40 years compared with women
>55 years. None of the women involved in the study
were on oral contraceptives and none used hormone
therapy.68 It is highly probable, that these differences are
attributed to sex hormones as well.

Beside that many potential differences at a more
molecular level may be present. Some studies investi-
gated a potential gender difference in macular pigment
(MP) density for example. Hammond et al investigated
potential sex differences in MP density in relation to
plasma carotenoid concentration and dietary patterns.
They found a 38% higher MP density in males despite
similar plasma carotenoid concentrations and diet.69 No
gender difference however was found in a more recent
study, where MP optical density was measured using the
macular pigment optical density (MPOD) module of a
multicolor spectralis in elderly Japanese.70 These diver-
gent findings may be based on the different measurement
methods or they may be due to ethnical differences.

3 | VASCULAR RETINAL
DISEASES

3.1 | Diabetic retinopathy (DR)

DR is a big contributor to avoidable vision impairment in
diabetic patients between 20 and 64 years.71 The literature
reveals disparities between male and female diabetics in

FIGURE 1 Attention maps

of fundus images with correct

prediction, top row: male

patient, bottom row: female

patient.55
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terms of diabetes incidence and rates of complications.
These differences are applicable to both type 1 (T1D) and
type 2 (T2D) diabetes: For T1D, girls and boys seem to be
equally affected in young populations.72 High T1D inci-
dence areas report a higher number of males affected,
while low T1D incidence areas observe an excess in
women.73–75 Populations of European origin reported an
increase of T1D cases in male adults following puberty.75

For T2D, incidence and prevalence data were reported to
be higher in female vs. male subjects in young popula-
tions.76,77 In adulthood, the gender imbalance in T2D
shifts towards a more equitable distribution between both
genders.78

Controversial results exist in literature regarding gender
differences and DR. While some studies report a higher
prevalence of DR in men,79–81 others observed a higher
prevalence in women.82–84 These controversial results
might be related to ethnic differences, different age groups
and mixed T1D and T2D subjects in the study populations.
There is also a sex discrepancy in terms of microvascular
complications in T1D. Women of a younger age face an
elevated risk of encountering microvascular complications
earlier in the disease course.85 Potentially, differences in
microvascular patterns could play a role here, as females

presented with wider venular caliber and a decreased
arteriolar length-to-diameter-ratio in this population.86

The progression of DR during pregnancy87 implies a
potential involvement of sex hormones in the retinal
pathophysiology in diabetic patients.

Recently, Schiefelbein et al. showed that women with
diabetic macular edema had worse baseline values (visual
acuity and retinal thickness) at diagnosis and therapy initi-
ation than their male counterparts. The difference between
the genders was not resolved after the same number of
intravitreal injections; thus, women were diagnosed and
treated at a later and worse stage than men, and ended up
with worse visual acuity and thicker retinas.88

A gender-based therapeutic approach seems useful and
necessary to differentiate between high-risk and low-risk
patients. Especially women with diabetic macular edema
should be involved in diagnosis and therapy early on.

3.2 | Retinal vascular occlusions

For retinal vein occlusions (RVO) and retinal artery
occlusions, a predominance in men was found in differ-
ent studies.89–91 In a big retrospective registry cohort

FIGURE 2 Attention maps

of fundus images with incorrect

prediction, top row: male

patient, bottom row: female

patient.55
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study with 1 251 476 cases, different occlusion subtypes
were analyzed. They reported slightly more women in
transient retinal artery occlusion, venous engorgement
and branch retinal vein occlusion, and more men in par-
tial retinal artery occlusion, branch retinal artery occlu-
sion, central retinal artery occlusion and central retinal
vein occlusion.92 Venous thromboembolism seems to
occur more frequently in females <55 years due to factors
including pregnancy, postpartum conditions, and oral
contraceptive use. In the elderly population, instances
seem to be more prevalent in males, which may be due to
cardiovascular risk factors.7,8

3.3 | Macular telangiectasia

Previous research suggests that there are gender differ-
ences in macular telangiectasia (Mac Tel) that may indi-
cate certain characteristics and clinical aspects. Mac Tel
is usually divided into 3 main groups. Subgroup type 1A
within this subgroup ranks as the second most frequent,
predominantly occurring in males ages 15–54 years.9

Type 1B is less common and mainly impacts men
who are in the middle-aged category, typically between
40 and 54 years of age.10 For Type 2 Mac Tel, there was
no evident gender preference in a cohort of 92 cases
reported by Gass and Blodi.11

However, according to the MacTel multicenter study
(n = 310), the proportion of women was higher at
64%.12 Mac Tel type 3 is extremely rare, and no clear
gender predilection has been identified to date. Addi-
tional research is needed to gain a deeper understand-
ing of these gender disparities in macular telangiectasia
and to verify their existence. The exact reasons for these
differences are not yet fully understood. A blend of
genetic, hormonal, anatomic, and other factors might
play a role in this context.

4 | DEGENERATIVE RETINAL
AND MACULAR DISEASES

4.1 | Central serous
chorioretinopathy (CSCR)

CSCR is a retinal condition for which gender differ-
ences are most widely known. Men in their 30s–50s
face a greater risk of developing CSCR than women. In
the Olmsted County, Minnesota population study,
CSCR was sixfold more common in males than in
females.13 In 1996, Spaide et al.93 found a male-
to-female ratio (2.6–1.0) that significantly differed from
the ones reported before94 and discussed a relationship

with stress (representing a suspected risk factor) in this
regard. Due to the changing role of women in society
with increased stress of work, family and household,
woman may be put at greater risk for stress-related
conditions such as CSCR.

The etiology of CSCR is currently unknown. How-
ever, it has been linked with various risk factors such as
male gender, exogenous steroid use, stress, pregnancy
and obstructive sleep apnea.95 The incidence in preg-
nancy is estimated to increase to 0.008% per year, and in
women developing pre-eclampsia these values are even
much higher. Especially elevated levels of cortisol are
thought to be linked to that fact.96,97 In a thorough inves-
tigation of the steroid hormone system in 46 male
patients with CSCR, elevated levels of four hormones
were observed in comparison to the control group.
Besides, the relationship between steroid hormones was
modified, suggesting an imbalance in the steroid hor-
mone system of individuals with CSCR.98 Currently, the
role of androsterone, etiocholanolone, androstenedione
and estrone in the etiology of CSCR is still unknown.
Each of these compounds plays a notable role within the
sex hormone sector of the steroid hormone system.
Androsterone, androstenedione and etiocholanolone are
weak androgens and metabolites for testosterone. Estrone
is a mild estrogen hormone known to have increased
levels in postmenopausal women.

Looking at the age distribution of CSCR patients,
studies showed one peak for males (50–54 years).98 For
females there seems to be two peaks in the range of 50–
54 years and over 65 years.

The onset age of CSCR in females and the second
peak in the age distribution might be related to signifi-
cantly greater fluctuations in the concentrations of differ-
ent hormones over the course of their lives compared to
men. Thus, for example estrogen receptor α has been
detected in the retina and its pigment epithelium of
females with younger age. However, it has not been
found in male retinas or postmenopausal women.99

Recently, Hanumunthadu et al.100 retrospectively
looked at 310 CSCR cases with a follow-up period of
approximately 8 months. Female patients had less
hyperreflective foci and reduced retinal pigment epithe-
lium (RPE) alteration (with fewer subretinal deposits,
pigment epithelial detachment (PED), RPE irregularities).
Fluorescein angiography (FA) and indocyanine green
angiography (ICGA) showed more RPE disruption with
diffuse RPE leakage, RPE tracs and point leakage in
male patients. At follow-up, female patients exhibited a
decrease in subretinal deposits and significantly better
outcomes compared to their male counterparts. It would
be interesting to see how these structural variations would
be affected by treatment.
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4.2 | Age related macular
degeneration (AMD)

Numerous factors have been named as contributors to
the pathophysiology of AMD. Age, particularly advanced
age, consistently emerges as the most prominent factor
linked with the onset and progression of AMD in exten-
sive research studies.14,101–103 Data on gender differ-
ences, however, are conflicting and the consideration of
sex as an additional potential risk factor has been a
topic of debate for many years. Epidemiological studies
have found a higher prevalence in females,14–17 however
similar studies in Asia and a Mexican-American
population indicated that AMD is more prevalent in
male patients.104,105 Other studies found no gender
differences.106–109

Sasaki et al. demonstrated distinct associations
between early AMD and genetic factors based on gender
in a Japanese population: Women with ARMS2 A69S
polymorphisms are at higher risk for early AMD.110 An
association with AMD was also demonstrated for the
synonymous single nucleotide polymorphism (SNP)
rs17810398, located in death-associated protein-like
1 (DAPL1). This association was marked by a highly sig-
nificant sex disparity, as it was notably restricted to
females.111

Sex hormones also appear to be involved in the patho-
physiology of AMD. In a review by Kwon et al.112 they
examined fundus photographs of patients with sex hor-
mone deficiency lasting more than 12 months. The study
found that sex hormone deficiency and its duration were
linked to the development and progression of soft drusen
in female patients, but not in male. A sub-analysis within
the Blue Mountains Eye Study investigated whether there
is an elevated risk of AMD associated with early meno-
pause. The study revealed a significant reduction in early
AMD with increasing years from menarche to meno-
pause.113 A sub-study of the Rotterdam study with over
3000 women indicated a heightened relative risk of AMD
among women who experienced early menopause due to
external factors (ovariectomy) compared to those with
naturally occurring early menopause.114 A decreased
duration of endogenous production may increase the risk
of AMD. Furthermore, exogenous estrogens supplements
may favorably effect and mitigate the risk of developing
AMD in postmenopausal women.115–117 While data of
Edwards et al. indicate that birth control pills might have
significant protective effects in women with AMD,115

another study from Korea found a negative effect of oral
contraceptive pills.118 Assessment and management of
sex hormone deficiency in female AMD patients as a
gender-based therapeutic approach should be further
investigated.

4.3 | Pathologic myopia

The origin of high myopia involves multiple factors, with
both environmental and genetic influences contributing
to the elongation of the eye's axial length.119 Earlier stud-
ies have indicated that being female is associated with an
increased risk of developing myopia.120,121 The exact
mechanism behind this phenomenon remains unclear,
and gender-specific elements like the age of growth spurt
have been proposed as potential factors. Myopia preva-
lence also seems to differ with age: Enthoven showed
that myopia was more common in girls in the young gen-
eration, but more common in men in the older genera-
tion (>44 years). Ludwig et al. conducted a detailed
investigation of pathological findings in high myopia and
categorized them into anterior (lattice degeneration,
rhegmatogenous retinal detachment, retinal tear, and
retinoschisis) and posterior (myopic maculopathy,
macular hole, staphyloma, angioid streaks, retinal neo-
vascularization, cystoid macular degeneration, exudative
retinopathy, retinal pigmented epithelium detachment,
vitreomacular adhesion, and epiretinal membrane) high
myopia. This classification exhibits distinct risk profiles
associated with gender and age and indicate different eti-
ologies for these manifestations: anterior myopic patients
are more likely to be younger males and posterior myopic
patients to be older females. Younger patients are more
likely to be diagnosed with anterior myopia while older
patients are more likely to have posterior myopia.18

Estrogen receptor mRNA is expressed in the cornea,
meibomian glands, retinal/choroidal and retinal pigment
epithelial cells of rats, rabbits and humans.122 Estrogen
exerts a specific influence on corneal thickness and
shows a positive correlation with the degree of myopia.
Xie et al. measured the levels of different serum sex hor-
mones (luteinizing hormone (LH), follicle-stimulating
hormone (FSH), E2, and testosterone) in a large sample
of young students (12–14 years old) with varying degrees
of myopia and non-myopic controls.123 Myopia severity
was negatively correlated with the estrogen level. Under-
standing the underlying mechanism could offer insights
for tailored drug therapies in individualized treatment
approaches in the future.

4.4 | Retinal detachment

Large population-based studies showed that male eyes
(mean axial length 23.93 mm) are longer than female
eyes (mean axial length 23.51 mm).124 An elevation in
axial length is correlated with a higher risk of rhegmato-
genous retinal detachment (RRD).125 In a substantial
observational study comprising 1202 cases of primary
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RRD, a predominance of males (13.09 vs. 7.41 per 100 000
of population) was found.19 This imbalance of gender was
also observed in other population-based studies and is
probably correlated to differences in axial length. Wang
et al. reported gender disparities in the anatomy of the
vitreoretinal base126: in their series of 58 pairs of donor
eyes, they observed a significant age-related migration of
the posterior border of the vitreous base in male donor
eyes compared to female donor eyes. Mitry et al. propose
that this increased posterior migration of the vitreous base
might also make males more susceptible to retinal breaks.
This susceptibility could arise from increased dynamic
vitreoretinal traction and rise in vitreoretinal irregularities
along the posterior border.19

Recently, a retrospective cohort study showed that
not only the incidence of RRD, but also the incidence of
laser retinopexy127 or surgical intervention128 for retinal
tears, is higher in male patients: in the United States,
insured women are less likely than insured men to
undergo surgical intervention for RRD. As the authors
suggest, this difference is probably attributed to a com-
plex interplay of factors including access to healthcare,
societal gender roles and potentially biological variation
in the types of RRDs.

4.5 | Macular holes

Idiopathic macular holes (IMHs) seem to have a higher
prevalence among women. Nevertheless, the male-
to-female ratios exhibit significant variations across stud-
ies, spanning from 1:1,2 (India) to 1:7 (China).20–22 In
1996, Kishi et al. conducted an assessment of the vitreous
in 64 eyes of patients with IMHs before and during vitre-
ous surgery. They found that tangential traction, seem-
ingly originating solely from the premacular vitreous
cortex that constitutes the posterior wall of the premacu-
lar liquefied pocket, is responsible for causing IMHs.129

In addition to this local factor, underlying systemic
factors are unclear in the pathophysiology of IMHs.

Female sex as well as hormonal fluctuations during
menopause, a history of hysterectomy, and the use of hor-
mone replacement therapy have been mentioned as possi-
ble risk factors.130,131 Other studies, however, reported no
association with estrogen exposure.132 Estrogen has sev-
eral effects on different tissues in the body and estrogen
receptors have been found in bovine and rat retinas as
well.133 Estrogen also effects the production of collagenase
in the cervix of guinea pigs134 and can inhibit collagen gel
contraction by glial cells.135 The metabolic alteration of
estrogen post-menopause might affect ocular collagen
metabolism, potentially leading to the contraction of the
posterior vitreous membrane and the development of

IMHs. Inokuchi et al. examined vitreous estrogen levels
in IMH patients and reported significant higher estradiol
concentrations in the vitreous samples of IMH patients in
contrast to their controls suggesting an association with
the pathogenesis of IMH.136

5 | HEREDITARY RETINAL
AND MACULAR DISEASES

Inherited retinal (IRD) and macular diseases can vary in
their presentation and progression in men and women.
Genetics plays a significant role in these diseases. Certain
mutations can have different effects on men and women,
leading to variable symptoms and presentations. First
and foremost, of course X-linked IRDs, where males will
present with the pathologic phenotype while females
will be (mostly) asymptomatic carriers. Given the large
number of IRDs, the high amount of different genetic
aberrations and their rarity in daily clinic, we will focus
only on the two most IRDs in this chapter.

5.1 | Retinitis pigmentosa (RP)

RP is the most prevalent inherited retinal disease world-
wide, with an approximate prevalence of one in 5000
(in nonsyndromic retinitis pigmentosa). Males are some-
what more frequently affected than females, primarily due
to the X-linked form that is more frequently expressed in
males.23 In an animal model of retinitis pigmentosa,
gender-related disparities in onset and progression of the
disease were found. The onset of rod degeneration occurred
significantly earlier in female rd10 mice compared to male
rd10 mice. As the disease advanced, cones degenerated
more rapidly in the retinas of females. Female rd10 mice
were more vulnerable to retinal degeneration, indicating
that female sex may be a risk factor for RP.137 This has not
yet been proven in studies on human eyes.

5.2 | Stargardt disease

Stargardt disease is the most common inherited macular
dystrophy.138 Runhart et al. looked at 550 cases of geneti-
cally confirmed Stargardt disease and observed a greater
prevalence among females in the group of patients carry-
ing either of the two most common and less severe
ABCA4 alleles, in comparison to patients who did not
carry a presumed mild ABCA4 allele.24 However, another
separate analysis study of a bigger cohort could not con-
firm the association between gender and specific mild
ABCA4 alleles.139
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6 | UVEITIS

Studies show that sex hormones, beyond their role in
sexual differentiation and reproduction, also seem to
have an impact on the immune system. Therefore,
females tend to exhibit greater resistance to certain infec-
tions, characterized by more robust cellular and humoral
immune responses. Males are more susceptible to infec-
tions caused by various pathogens. However, females
experience a higher incidence of autoimmune diseases.
Sex steroids, specifically androgens in males and estro-
gens in females, modulate different aspects of host
immunity and affect genes and behaviors that influence
susceptibility and resistance to infection.140,141 Estrogen
seems to increase autoimmune response whereas andro-
gens suppress it.

Uveitis, a diverse category of intraocular inflamma-
tory diseases encompassing both infectious and non-
infectious types, has exhibited gender-related differences
in many of its manifestations.25

6.1 | Infectious uveitis

The biological basis for the susceptibility of men or
women to infectious uveitis remains uncertain. For infec-
tious uveitis it remains unclear whether there is a biologi-
cal basis for a higher susceptibility in either males or
females. As mentioned above, men appear to be more
vulnerable to infections caused by several species.141

Unlike noninfectious uveitis, infectious uveitis is more
closely related to occupational exposures, sexual behav-
iors and other environmental factors that vary between
males and females. These factors may obscure any true
biological disparities in susceptibility to ocular manifesta-
tions of infection. For non-sexually transmitted types of
infectious uveitis where data is accessible, there seems to
be no big difference in the prevalence of ocular disease
when comparing males and females suggesting that sex-
ual hormones might not be significant factors. However,
in the case of sexually transmitted diseases, behavioral
factors might outweigh any biological effects associated
with sex-specific gene expression.26

6.1.1 | Sexually transmitted diseases

The prevalence of both systemic and ocular syphilis is
significantly higher in males ranging from 87% to
90%.25–27 In men who have sex with men the prevalence
is 15–20 times greater than in the broader male popula-
tion.142 Therefore, the male predominance is believed to
be primarily attributed to unsafe sexual practices. In

human immunodeficiency virus (HIV) + patients, syphi-
litic uveitis is predominantly seen in men.143 A small case
series from China (n = 14) reported no big gender imbal-
ances in non-HIV infected, syphilitic uveitis patients.
Nevertheless, regional factors may also contribute to
these results.144

6.1.2 | Nonsexually transmitted diseases

One could assume that infectious uveitis triggered by
pathogens not related to sexual transmission would gener-
ally be less likely to show significant differences between
the sexes. However, it should be borne in mind that HIV
is also a risk factor for non-sexually transmitted infectious
diseases. Since the sex ratio varies here depending on the
geographical region, women are at different levels of risk.

A study involving HIV patients, and patients with
infections of herpes viruses excluding cytomegalovirus
(CMV), (including zoster, simplex) Cryptococcus, atypical
Mycobacterium and Toxoplasmosis displayed comparable
prevalence rates in both males and females.145 Also in
non-HIV infected patients, literature does not indicate a
significantly higher proportion of men among those with
herpetic uveitis.146,147 A large survey28 and review29 from
Saudi Arabia also found no specific sex imbalances in
tuberculosis (TB) associated uveitis in non-HIV infected
patients.

However, when looking at complications in viral
uveitis including acute retinal necrosis (ARN), the preva-
lence in men is increased with 56%–72% of ARN patients
being male.148,149 Besides, male gender is correlated with
an increased likelihood of experiencing a more severe
form of the disease and is associated with severe vision
loss at 6 and 12 months.150

Literature on progressive outer retinal necrosis reported
a higher prevalence in men (83%–86%) as well.151,152

CMV can be sexually transmitted but also by contact
with infectious body fluids, e. g. trough breastfeeding,
kissing, blood products and organ transplants. CMV used
to be the leading cause of visual impairment in HIV+
patients before the advent of highly-active-antiretroviral-
treatment (HAART). In the pre-HAART era, the occur-
rence of AIDS-related infections was primarily linked to
the level of immune suppression more than sex.153 How-
ever, following the introduction of HAART, literature
showed that new cases of CMV-retinitis (CMVR) in 2002
were more prevalent in females than in males.30 Gender
specific disparities in healthcare access were seen as the
primary contributing factor in this context. Individuals
lacking insurance or remaining untreated at the begin-
ning of the study were also linked to a higher incidence
of CMVR, implying that economic disadvantage was
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another influencing factor.25,30 However, a re-analysis of
this dataset in 2012 did not reveal any disparity in the
incidence of CMVR between males and females.154 CMV
can also spread through contact within households, mak-
ing women who care for infected young children particu-
larly vulnerable. In contrast to syphilis and regardless of
HIV status, studies show that healthy females are gener-
ally more prone to this virus compared to men (odds ratio
1.17 [1.14–1.21]).31

For ocular toxoplasmosis extensive clinical-based
studies have demonstrated no significant gender specific
difference in the disease rate.32–34 In regions of Brazil
where toxoplasma seropositivity is prevalent among indi-
viduals of all ages and genders living in the same house-
holds, the clustering implies that transmission via
foodborne routes is a significant factor in this form of
non-sexually transmitted infectious uveitis. In situations
where all individuals are primarily exposed through their
diet, an even gender distribution would be anticipated.155

A recent observational study of 262 toxoplasmosis
patients in Brazil aimed to assess how gender influences
the clinical characteristics and results of ocular toxoplas-
mosis.156 While the clinical features and outcomes were
largely comparable between men and women, some note-
worthy distinctions emerged. The study could show that
male patients had a significantly higher likelihood of ini-
tially presenting with primary active disease, while
female patients had a higher probability of presenting
with recurrent active disease. Additionally, a higher
occurrence of atypical ocular toxoplasmosis was observed
in male patients, and some of these men were HIV+.
Furthermore, they found that woman exhibited a notably
higher incidence of Toxo lesions situated at the posterior
pole of the eye. Female patients tended to have multiple
lesions in a single eye more frequently, while male
patients were more inclined to have one single lesion.
The exact relationships and causes of these gender differ-
ences are not fully understood. Lyons et al. list potential
explanations for this. The development of ocular toxo-
plasmosis is shaped by various factors, encompassing
both parasite-related and host-related elements, with the
host's immune system playing a pivotal role. This could
potentially have implications on the development of ocu-
lar disease, with different types of infection (via oocysts,
bradyzoites, or tachyzoites) and variations in parasite
genotype and load playing a role. The different types of
infection are affected by occupational and sociocultural
behaviors and these behaviors may exhibit gender-related
variations. Another important aspect to consider is
gender-related attitudes to seeking health care. However,
the largest clinical studies reported no major gender dif-
ferences regarding presenting to uveitis services.32–34

Fernandes et al. found more reactivations of ocular

toxoplasmosis in females compared to males and
proposed a potential connection with immunological alter-
ations by the menstrual cycle.157 Data concerning the influ-
ence of pregnancy and period of postpartum on reactivation
are conflicting: while Braakenburg et al. found no alteration
in recurrence rate during pregnancy,158 Reich et al. docu-
mented a mitigation in the risk of recurrence during
pregnancy.159 Brydak-Godowska et al. even observed
an elevated risk of recurrence during pregnancy and
postpartum.160

6.2 | Non-infectious uveitis

Along with the finding that women suffer more frequently
from systemic autoimmune diseases, autoimmune associ-
ated uveitis seems to be more frequent in women than in
men.161

6.2.1 | Uveitis with systemic involvement

Among pediatric patients, uveitis is most frequently associ-
ated with juvenile idiopathic arthritis (JIA) when consider-
ing systemic diseases. It affects children below the age of
16. In different sub-types, 50%–80% of JIA patients are
female.35 Uveitis is more commonly linked to the most
prevalent subtype of JIA, which is oligoarticular JIA,
and this subtype is predominantly observed in young
female patients.25 Uveitis occurs in 10%–45% of JIA
patients.162–164 The highest risk of uveitis carries the oli-
goarticular subtype among girls who are ANA-positive
and have an earlier age of onset.35 While uveitis is more
common in females, the ocular complication rate, when
uveitis happens in male patients, is often higher and com-
plications are more severe. In a group of individuals with
JIA-associated uveitis, observed over a period of 8 years,
40% of male patients encountered at least one ocular com-
plication, contrasting with 10% among women.165 How-
ever, other data could not support this correlation between
sex and disease severity.166

Systemic lupus erythematosus (SLE) is an autoim-
mune condition associated with the production of auto-
antibodies against nuclear material that affects the eye as
well as skin, kidney, joints, lungs and central nervous
system (CNS). Females experience a significantly higher
rate of occurrence than males, particularly during the
ages of 20–40 years. According to the literature, 88%–
90.5% of SLE patients are women.36–38 Men, however,
seem to be more susceptible to SLE-related complications
including CNS involvement and systemic thromboses.
Being male has been suggested as a predictor for unfavor-
able systemic outcomes.167,168 Literature reports ocular
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involvement in almost every second patient (47.3%) with
a ratio of 17 females to 1 male.39 During puberty, and
after menopause, the incidence is much lower. Hormone
replacement therapy after menopause seems to increase
the incidence and severity of SLE uveitis again, which
could be an indication of sex hormone involvement.169

Elevated concentrations of estrogen and progesterone
might cause worsening of SLE by promoting an upregula-
tion of a Th2 immune response, resulting in an increase
of antibody synthesis.170 Attempts to influence disease
course through androgen therapy showed minimal to no
effect in several trials.171,172

Multiple sclerosis (MS) is another non-infectious
autoimmune disease, which is much more prevalent in
women (78%).40 In addition to epigenetic, environmental
factors are suspected due to geographical variations in
incidence and hormonal changes have been implicated
in the disease.173 Women seem to be affected significantly
more often during the reproductive phase, and an earlier
onset of menarche has been correlated with a heightened
risk higher risk for MS. Therefore, female hormones may
influence the inflammatory and neurodegenerative pro-
cesses involved. While women have a higher risk for MS,
the female gender also appears to be protective against
severe, progressive courses with cognitive loss.174 Multi-
ple sclerosis-associated uveitis, typically bilateral interme-
diate uveitis, is observed in 1%–10% of MS patients and
precedes MS diagnosis in �25% of patients.175,176 Another
study involving 1916 uveitis patients found that MS was
present in 3.1% of patients. Of the patients who had both
MS and uveitis, about three-quarters were of the female
sex.41 This statistical gender distribution highlights gen-
der differences in the underlying autoimmune disease.

Sarcoidosis appears to have a slightly higher preva-
lence in female patients (55%–64%).42,43 Most patients are
in the range of 10–40 years, but there is another age
peak in patients >50 years, especially in women.177

Ocular involvement is more common in females.178 For
ocular sarcoidosis patients, the ratio of women to men
was reported to be 3:1.25,44 The female sex has been
linked to a less favorable visual prognosis.179

Vogt-Koyanagi-Harada (VKH) disease primarily
impacts pigmented individuals including Asians, Native
Americans, Middle Easterners and Hispanics.180 It tends
to have a more pronounced impact on women. Literature
reports the following proportions of women in the differ-
ent ethnic groups: 70% in Brazil,45 78.7% in USA,46 84.4%
in India.47 It was suggested that being male may predict a
less favorable visual outcome although the precise cause
is not understood. In an Indian study, it was observed
that approximately 40% of male patients diagnosed with
VKH had vision that was worse than 20/80, whereas only
3% of the female VKH cohort had vision below the 20/80

threshold.181 The increased occurrence of VKH in
women might be attributed more to genetic aspects
than hormonal ones. The most robust association was
observed with the HLA-DRB1*04:05 haplotype which
again was associated with female sex only.182

Behçet disease (BD) is an infrequent systemic vasculi-
tis, which predominantly occurs in patients with genetic
heritage linked to the Silk Road. The HLA-B51 allele rep-
resents a highly correlated genetic risk factor. 54%–85%
of patients are male48,49 and BD tends to manifest with
greater severity in men. However, gender preference in
BD has been a subject of long-standing debate.25 Clinical
characteristics of BD differ between the genders: while
women often experience more frequent and severe oral
ulcers, genital ulcers and skin lesions, males tend to suf-
fer more often from ocular and vascular involvement and
neurologic disease.25,183 Different studies showed that
young males with BD are at higher risk of dying from the
disease.50

In BD patients, around 50%–80% of cases show ocular
manifestations, with men more commonly experiencing
posterior segment issues and poorer visual outcomes.25,50

Men generally exhibit a less favorable response to ocular
BD treatment,184 while women tend to have less severe
and non-recurrent manifestations of ocular involve-
ment.185 Discussed here is a protective effect of estrogen
in females through down-modulation of inflammatory
genes in the vascular endothelium, as shown in animal
studies.186

Human leukocyte antigen (HLA)-B27-associated ante-
rior uveitis is the most frequent form of acute anterior
uveitis and this condition predominantly affects men.
Men have a 2.5 times higher likelihood of being affected
compared to women.51 Other HLA-B27-associated dis-
eases include ankylosing spondylitis (AS), reactive arthri-
tis syndrome, inflammatory bowel disease and psoriatic
arthritis. All of these appear to exhibit a higher prevalence
in men187 and uveitis is known to affect up to 37% of indi-
viduals within this specific patient population.188 Males
seem to have a greater susceptibility to developing occlu-
sive retinal vasculitis in association with this condition,
and they also tend to experience an earlier onset
(at younger age).187,189–192 However, there doesn't appear
to be a sex-based difference in the risk of hypopyon, vitri-
tis, cystoid macular edema, secondary glaucoma or final
visual acuity as reported in the literature.187,193

6.2.2 | Uveitis without systemic involvement

White dot syndromes (WDS) are a category of inflamma-
tory disorders distinguished by the presence of yellow-
white or grayish foci within the outer retina, the retinal
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pigment epithelium, and the choroid. An increased
proportion of women was described for the majority of
the diseases52,53: for Multiple Evanescent White Dot
Syndrome (50%–91% Female (F)), Birdshot Chorioretino-
pathy (58% F), Multifocal Choroiditis and Panuveitis
(75% F), Punctate Inner Choroidopathy (85% F) and Acute
Zonal Occult Outer Retinopathy (79% F) a female predi-
lection has been shown. Only Acute Posterior Multifocal
Placoid Pigment Epitheliopathy (54% M) appears to be
more prevalent in males or have an equal gender distribu-
tion.52 Why these gender differences exist and whether
there are hormonal causes here as well is unclear so far.
Furthermore, in all WDS, for disease severity or symptoms
no gender differences were reported.52

7 | CONCLUSION

Investigating and understanding gender medicine in oph-
thalmology is still in its infancy. This review highlights
gender differences in epidemiology, disease severity,
treatment response, and prognosis of various retinal dis-
eases. It demonstrates that the significance of gender in
retinal diseases has been a subject of ongoing debate and
remains relevant.

It is crucial to highlight that disparities between
genders in retinal diseases are intricate and frequently
shaped by various factors. Genetics, hormones, lifestyle,
environmental factors, and social determinants may all
have influence on the development and progression of
these diseases. Additional research is necessary to deepen
understanding of these relationships and some data that
might seem contradictory at the present time.

Providing fair and equitable healthcare is rooted in
ensuring that everyone, regardless of their gender, receives
the necessary medical services. Overcoming gender gaps in
access to health care requires targeted interventions that
address the needs and challenges of women and men
equally. These include promoting gender-responsive health
systems, raising awareness of gender-specific health issues
among medical staff, and empowering women with regard
to their health.

New diagnostic possibilities will help to gain impor-
tant insights and a better understanding of gender-related
differences in certain diseases and their correlations.

There is some evidence that response to certain medi-
cations or treatments for retinal diseases may vary
between men and women. So far, the knowledge has
not yet been translated into different ophthalmic treat-
ment approaches for women and men. Gender-specific
treatment response in retinal diseases will require
more detailed investigation in the future in order to pro-
mote gender-responsive health care that addresses the

individual needs of men and women equally. This could
make a significant contribution to individualized therapy
for each patient.
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