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Abstract
Background: In the United States, women are at a higher risk of developing vision impairment or a serious eye disease (such as age-related macular degeneration, thyroid eye disease, or chronic dry eye disease) than men. Disparities
in eye diseases due to biology widen even further when considering factors such as social determinants of health;
gaps in research data, literature, and policy; insufficient provider and patient education; and limitations in screening
and treatment options. Sex and gender disparities in eye health are clinically under-addressed and burdensome on
both patient quality of life and the health care and economic systems, resulting in a pressing population health issue
that negatively impacts women.
Design: The Society for Women’s Health Research convened a working group of expert clinicians, researchers, and
patient advocates to review the current state of science regarding sex and gender disparities in women’s eye health,
identify knowledge gaps and unmet needs, and explore better means to advance research, improve patient care, and
raise awareness of key issues.
Discussion: The SWHR Women’s Eye Health Working Group identified priority areas in research, clinical care, and education to reduce disparities and improve patient care in women’s eye health. The working group recommends using a
systems approach that incorporates a comprehensive research framework with a sex and gender lens to guide future
work and that increases health care provider and public education, as well as engagement by expanding partnerships
among ophthalmologic providers, researchers, and non-vision stakeholders.
Keywords: Dry eye, Retinopathy, Gender inequity, Health disparities, Macular degeneration, Telehealth, Patient and
provider education, Population health, Thyroid eye disease, Vision loss
Background
According to the National Center for Chronic Disease
Prevention and Health Promotion, approximately 12 million Americans ages 40 and older are visually impaired
or blind, and more than half of them are women [1]. The
most prevalent eye diseases in women are age-related
macular degeneration, glaucoma, and cataracts. With
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increases in life expectancy, diabetes, and other chronic
diseases, incidence of eye diseases is expected to double
by the year 2050 [2]. Respondents in a nationwide poll
(comprising 52% women) about attitudes toward eye
health reported vision loss as equal to or worse than losing memory, speech, hearing, or a limb [3]. Investigators
found that the highest concerns for respondents were
the impacts on quality of life and loss of independence.
Although many causes of vision impairment are preventable or treatable, eye health is often not prioritized
in research, policy, or public health measures to ensure
optimal outcomes.
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Research often fails to consider the roles of sex and
gender in eye health, leaving gaps in our understanding
and ability to address differences in patient populations
and outcomes. Sex is an important biological variable
that can influence the function of biological processes
in males and females, as well as how individuals will
respond to medications for disease [4]. Gender—a person’s self-representation in response to social and environmental experiences—can play an equally influential
role in health and disease. A 2015 review by Clayton and
Davis [5] examined how sex and gender disparities relate
to women’s eye health across disease states. The review
served as a foundation for a roundtable meeting dedicated to understanding women’s eye health across the
lifespan and prioritizing areas to address knowledge gaps
and unmet needs in the field. This paper expands upon
their original analysis and discusses solutions to reduce
the persisting gaps in eye health due to sex- and genderspecific biological factors and social determinants of
health.

Methods
The Society for Women’s Health Research (SWHR)
assembled a Women’s Eye Health Working Group of
researchers, clinicians, and patient advocates to: (1)
assess the state of the science regarding sex and gender
differences in women’s eye health across the lifespan; (2)
examine a spectrum of vision disorders that disproportionately or exclusively impact women to identify key
influences and determinants (e.g., biological, behavioral,
and societal) for these disparities; and (3) develop recommendations to advance the research agenda, diagnostic
and treatment strategies and to address gaps in awareness, education, and stakeholder engagement. SWHR
selected 12 participants with expertise in women’s eye
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health and research interests in sex differences in disease
manifestation and symptoms to participate in a 2-day
roundtable meeting (Table 1). The experts also represented diversity in training, background, gender, and geographic location.
The SWHR Women’s Eye Health Working Group participated in literature reviews and discussions prior to
the roundtable to identify priority topics in eye health
research and care to address in the interdisciplinary setting. The roundtable consisted of a series of sessions
that presented updates of research, clinical practice, and
public health data concerning the various women’s eye
conditions and diseases identified during the planning
phase. An SWHR moderator used a discussion guide that
was developed to facilitate an interactive dialogue that
engaged participants in sharing quantitative and qualitative evidence to address the goals of the meeting. Based
on the roundtable’s proceedings, the working group identified overarching themes concerning areas of need. The
group then arrived at consensus agreement on the future
directions to address emergent knowledge gaps in understanding the pathophysiology of eye diseases and barriers
to clinical care that disproportionately affect women.

Eye health disparities due to biological sex
differences
Age‑related macular degeneration

Age-related macular degeneration (AMD) is the most
common cause of irreversible vision loss among older
adults (70 years and older), with an estimated 9 million Americans suffering with intermediate or advanced
AMD [6]. Studies have reported conflicting results about
prevalence in women and men [7]; however, older women
are anticipated to bear a higher burden of disease due to
longer life expectancy [8]. Age-adjusted studies have also

Table 1 Society for Women’s Health Research Women’s Eye Health Roundtable Participants
Kira Baldonado, MPH, Vice President of Public Health and Policy, Prevent Blindness
Emily Y. Chew, MD, Director of the Division of Epidemiology and Clinical Applications, National Eye Institute
Janine A. Clayton, MD, Director of the Office of Research on Women’s Health, National Institute of Health
Kathleen Digre, MD, Distinguished Professor of Neurology, Professor of Ophthalmology and Visual Sciences, Moran Eye Center, University of Utah
Tamara R. Fountain, MD, Professor of Ophthalmology, Rush University Medical Center
Lynn K. Gordon, MD, PhD, Professor Emeritus of Ophthalmology, Stein Eye Institute, David Geffen School of Medicine at University of California,
Los Angeles
Julie Grutzmacher, MSW, MPH, Director of National Collaboration and Engagement, Prevent Blindness
Mary Elizabeth Hartnett, MD, Distinguished Professor in Ophthalmology and Visual Sciences, Moran Eye Center, University of Utah
James F. Jorkasky, MBA, Executive Director, National Alliance for Eye and Vision Research
Sarah Wells Kocsis, MBA, (Moderator), Vice President of Public Policy, Society for Women’s Health Research
Laura M. Periman, MD, Founder and Director, Dry Eye Services and Clinical Research, Periman Eye Institute
Erin M. Shriver, MD, FACS, Clinical Professor, Jim O’Brien Gross and Donnita Gross Chair of Ophthalmology, University of Iowa
Nora M. Wong, MPH, Health Science Policy Analyst, National Eye Institute

Aninye et al. Biol Sex Differ

(2021) 12:57

found a higher burden of vision loss in women compared
to men worldwide, suggesting that factors other than age
are involved [9, 10]. Vision impairment caused by AMD
results in increased functional disability, which can in
turn increase risk for mental health problems such as
clinical depression and anxiety, which are already more
common in women [11].
Since the introduction of anti-vascular endothelial
growth factor (anti-VEGF) therapy to treat AMD, vision
loss can now be stabilized in over 90% of patients with
neovascular AMD, which generally affects more women
than men, regardless of race or ethnicity [7]. Anti-VEGF
agents are used to inhibit the formation of new blood
vessels behind the retina that are weak and ultimately
hemorrhage materials that scar the retina and destroy
macular cells. While current therapies can slow disease
progression, there is still a need for curative or diseasereversal treatment options for AMD [12]. In addition,
studies are needed to understand the causes of the burden of vision loss by gender, recognizing these may vary
in regions throughout the world.
Thyroid eye disease

According to the American Thyroid Association, 1 in 8
women will develop a thyroid disorder or disease, with
women at increased risk after pregnancy and menopause.
Graves’ ophthalmopathy, also known as thyroid eye disease (TED), is an autoimmune inflammatory condition of
the eye and surrounding tissues. The higher prevalence
in women is stark, with the disease affecting 16 women
vs 3 men per 100,000 people annually [13]. The pathology of TED is complex; while it is often associated with
the autoimmune thyroid disorder Graves’ disease, TED
does not always coincide with thyroid activity or the
treatment of underlying thyroid dysfunction. Clinicians
have reported timing of initial symptoms to vary from up
to 10 years before to 20 years after diagnosis of thyroid
disease, [14, 15] making it challenging to diagnose TED
independent of a pre-existing thyroid disorder.
Beyond thyroid dysfunction, the impacts of TED can
be severe and disruptive to a patient’s quality of life [16].
Individuals can suffer from disfigurement, discomfort,
visual impairment, and medication side effects—all of
which are worsened by the long duration of treatment for
this progressive disease. Due to differences in resources
and availability of tools such as surgery, steroids, and
symptom-managing medications, treatment approaches
will vary depending on whether the provider is an endocrinologist, ophthalmologist, or other clinician. In 2020,
the U.S. Food and Drug Administration (FDA) approved
the first therapeutic for treatment of TED [17], which is
administered intravenously. Patient responses to treatment can vary due to sex-based genetic and biochemical
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influences, as well as age, disease severity, and symptom
severity. The advent of new therapies combined with earlier intervention and interdisciplinary clinical care could
improve disease management and patient outcomes [18,
19].
Dry eye disease

Dry eye disease (DED) is diagnosed in over 16 million
individuals in the United States, with prevalence increasing with age, and an additional 2.5% of the population
are estimated to experience symptoms without diagnosis [20]. The gender disparity in DED corresponds with
age—for individuals over 50 years, women are twice as
likely to have diagnosed DED compared to men. Women
are often diagnosed at younger ages than men and experience more severe symptoms [21, 22]. Biological sex
differences affect ocular structure, gene expression, and
function that contribute to tear composition and output,
as well as other characteristics that influence eye lubrication and health. While dry eye can occur in isolation,
it is also associated with a host of comorbid conditions
and autoimmune disorders, especially those that affect
women, such as menopause, Graves’ disease, and chronic
pain [22]. To improve patient quality of life, it is important that DED is identified early and treated by an appropriate eye care specialist. Educating providers and the
public about this highly prevalent disease and its symptoms is essential to accomplishing this goal.
Migraine

Migraine is a chronic neurological disease that affects
more than 14% of the adult population worldwide [23]. In
the United States, cumulative lifetime migraine incidence
is 43% for women and only 18% for men [24]. Hormones
and structural differences in the brain contribute to differing manifestations between the sexes. Women report
longer migraine attacks, increased recurrence, greater
disability, and longer recovery times [25]. Migraine is
often associated with visual impairments including photophobia, visual aura, and transient vision loss. Visual
quality of life has been found to be significantly reduced
in patients with chronic and episodic migraine [26].
Studies have proposed correlations in the prevalence of
migraine with DED. For example, one retrospective case–
control study suggested that there is a 20% increased risk
of DED diagnosis with an existing diagnosis of migraine
[27]. For men, this association is more prevalent among
those who are 55–64 years, whereas it is more pronounced in women of all ages. Dry eye also presents in
migraine patients with greater presence of auras and
longer disease and attack durations—symptoms which
have been shown to disproportionately affect women
[28]. Elucidating the causation and interplay of migraine
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and eye disease could provide better clinical strategies to
treat comorbid conditions and improve visual quality of
life for patients.
Pregnancy and eye health

Pregnancy presents unique circumstances in a woman’s
health journey, as the dramatic transformation the body
undergoes often acts as a stress test for future health,
including eye health [29]. During this time, women can
develop eye disease that may or may not subside after
pregnancy. For example, cellular immunity decreases
during pregnancy, which may result in autoimmune
diseases, such as TED, which can continue to worsen
postpartum.
Another eye condition that can be induced or exacerbated by pregnancy is diabetic retinopathy (DR), a diabetes-related complication caused by damage to the blood
vessels of the light-sensitive retinal tissue. If inadequately
treated, DR can lead to blindness. Women with pre-existing diabetes mellitus can develop and are more likely to
experience worsened DR during pregnancy [30]. In addition, a pregnant woman who has gestational diabetes is
at risk for developing DR. The mechanism of DR progression in pregnancy is not fully understood, but studies have associated DR severity in early pregnancy with
adverse health outcomes in the infant [31].
Fluid retention is a common occurrence during pregnancy, but it can also affect the eye’s corneal thickness
and shape, resulting in visual disturbances. When presenting with high blood pressure and protein in the
urine, these signs can sometimes indicate preeclampsia
or eclampsia. (Pre)eclampsia-related retinal changes and
dysfunction can lead to blurred or double vision, sudden transient vision loss, and flashing lights [32]. Visual
symptoms occur in 25% of women with severe preeclampsia and 50% of patients with eclampsia [33]. Preeclampsia is more common in patients who have diabetes,
which poses additional risk for comorbidity with DR [34].
The high blood pressure associated with preeclampsia
can also contribute the retinal findings, such as vascular
occlusions, serous retinal detachments, central serous
retinopathy, and even cortical blindness. If women experience blurred or decreased vision, spots in vision, or
color defects, they should be screened for preeclampsia.
Efforts should be made to increase education and awareness of preeclampsia symptoms among both patients and
providers to proactively prevent disease progression.
Opportunities exist within retinal imaging guidelines to
increase screening for pregnant women, particularly for
racial and ethnic minority patients who experience worse
maternal health outcomes than their white counterparts
[35]. Vision health should be considered for standard
inclusion in pregnancy wellness visits. Furthermore, due
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to the multifaceted specialties of care needed to manage complex eye and other conditions during pregnancy,
increased awareness and collaboration between ophthalmologists, optometrists, obstetricians, and internists
could greatly enhance quality of care [36, 37].

Gender inequities in eye health
Women experience societal pressures to keep up physical appearances, which often include the use of cosmetics
and personal care products—an industry that is widely
under-regulated and has had substantive unintended
consequences on eye health, including contact dermatitis, bacterial infections, dry eye, and other serious conditions [38, 39]. For example, the use of contact lenses,
especially cosmetic lenses, is higher in women [40], and
is associated with higher rates of DED [41]. Retinoids in
anti-aging creams applied around the eye have negative
effects on the surrounding oil glands and can contribute
to DED [42]. The application of eye makeup has been
in practice for centuries and advancements in eyelash
enhancing serums have gained popularity in recent years.
The synthetic prostaglandins these products contain have
also been linked to symptoms of dry eye and meibomian
gland dysfunction [43]. Since many of these lash-lengthening products and dyes are sold over the counter, they
are not subject to the same FDA regulatory and reporting
standards required of medical compounds. Users, most
often women, are at the mercy of potentially undisclosed
ingredients, warnings, and/or side effects.
Society also imposes responsibilities and expectations
on women to prioritize others’ well-being and health
over their own. Women typically assume the role of family caregiver for children, partners, and aging parents
[44]. This dynamic can leave women neglecting their
own health needs and self-care. Health care burdens
facing women are further exacerbated by disasters and
health crises. The COVID-19 pandemic, for example,
has skewed work-life balances and increased demands at
home that have left women taking on additional tasks of
caregiving, home-school teaching, career development,
and entrepreneurship [45]. Unemployment during the
pandemic has also disproportionately affected women—
especially women of color—resulting in loss of employment-based health insurance and potentially longer term
repercussions in gender inequality [46].
The Flatten Inaccessibility Survey provides insight into
the disadvantages that individuals who are blind or have
low vision faced early on the COVID-19 pandemic [47].
Although 30% of participants reported utilizing telehealth for doctor visits, 21% of participants indicated that
the telehealth platform was not easily accessible. More
female than male respondents expressed concerns about
maintaining social distance in public due to their vision
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impairment (45% vs 18%, respectively), accessing a health
care facility if they or a family member had severe symptoms (55% vs 25%), and experiencing inadequate caregiver assistance in a hospital setting (40% vs 20%). These
valid concerns of women and individuals with eye health
challenges warrant continued attention during and after
the pandemic.

Discussion
In 2016, the National Academies of Sciences, Engineering, and Medicine commissioned a report [48] that
explored how population health approaches can provide frameworks and strategies to improve eye health,
equity, and quality of life. The report’s recommendations include increasing public awareness, generating
evidence to inform policy, promoting community action,
and enhancing health capacity. Similarly, the World
Health Organization released a World report on vision in
2019, proposing an integrated people-centered eye care
approach to address persistent challenges and inequalities in health care delivery coordinated across different
levels and throughout the life-course [49]. To advance the
field and improve the understanding and treatment of eye
health conditions across sex and gender, an integrative
and systems-level perspective must be incorporated to
implement changes in research approaches, care access
and delivery, education, and partnerships (Table 2). Furthermore, the National Institute on Minority Health and
Health Disparities (NIMHD) Research Framework serves
as a guide that considers various domains of influence on
a patient’s health journey throughout their life-course:
biological, behavioral, physical/built environment, sociocultural environment, and health care system [50].
Expanding the research framework

Expanding the current research framework is essential
to guide system innovations toward a population health
approach to addressing women’s eye health vulnerability and disparities. Current eye health research is largely
concentrated in clinical research, but evidence-based
population health methods are needed to promote equitable awareness and treatments. Using the NIMHD
research framework, sex and gender should also be prioritized for guidance on research questions and outcomes
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data analyses. The role of sex as a biological variable
(SABV) in genetics, hormones, environmental exposures, and comorbidities should be investigated and data
should be disaggregated by sex. Gender-based research
should focus on the roles of behavior, differential access
to care, cultural norms, and environmental influences on
eye health disparities and inequities. This requires incorporating clearly defined SABV and gender standards and
targets in research proposals and communications, which
is now required by the National Institutes of Health,
but is not currently a regular mandate by many funding
organizations [51]. In 2020, SWHR released a position
statement on the inclusion of SABV in research [52] recommending that researchers not only include both sexes
within studies, but to also ensure that they have sufficient
analytical power to return statistically significant outcomes when conducting sex-disaggregated data analyses.
Furthermore, the importance of sex and gender inclusion in research and clinical studies, as well as appropriate training to do so, should be emphasized for all health
professionals, not just researchers.
Improving access through telehealth

Advances in health technology have created opportunities to increase access, diagnosis, and quality of vision
care at more affordable costs for individuals across socioeconomic groups [53]. Before the COVID-19 pandemic,
women were more likely to choose telemedicine compared to men, and some studies have further indicated
that more women have presented as new patients during
the health crisis, suggesting that maintaining expanded
access to telehealth services post-pandemic would substantially benefit women [54]. The U.S. Department
of Health and Human Services has relaxed its policies
to enable increased access to telemedicine during the
COVID-19 pandemic, and many private insurance providers followed suit. Thus, telehealth has made eye health
appointments more convenient for many, especially
women who may not have time to visit the doctor due
to factors such as household responsibilities and transportation barriers. Comprehensive, community-based
screening programs that combine telehealth services
with ocular imaging tools and are stationed in centrally accessible locations for low-income or vulnerable

Table 2 Priority areas for women’s eye health research, care, and education
1.Adopting a research framework to guide future work that incorporates sex and gender lenses to investigate health disparities and inequities in
women’s eye health care and disease
2.Using population health approaches to develop integrative systems to reduce disparities and improve overall eye health care for women at the
individual, community, and systems levels
3.Increasing patient and provider education and awareness by standardizing medical curricula and expanding partnerships between eye care providers
(e.g., ophthalmologists, optometrists), researchers, and non-vision providers to incorporate women’s eye health into mainstream health
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populations (e.g., community centers, schools, or public
housing communities) increase affordability and continuity of access to much-needed basic vision screening and
care [55, 56]. It is imperative, however, that telehealth
technology adheres to accepted standards, including web
content accessibility guidelines recommended by international consortia such as W3C, to ensure that women
and individuals of all visual abilities can utilize them
effectively. In creating a sustainable telemedicine system
for eye health, patient advocates should be consulted to
provide critical guidance toward addressing design and
implementation barriers to care, particularly experienced
by female eye health patient populations.
Provider and patient education

Improving education efforts at the patient and provider
levels is essential to progressing the field of women’s
eye health. A survey of 135 member institutions of the
Association of University Professors of Ophthalmology and medical schools found that the majority of their
respective programs provided preclinical exposure to
ophthalmology, while clinical exposure varied widely—
from interest groups to required clinical rotations [57].
Because of the interconnectedness of eye health to various other health conditions, ophthalmic training should
be more standardized in medical school curricula. Noneye health specialists—particularly primary care providers, pediatricians, and women’s health providers—should
also be educated about risk factors and early indicators
of eye health issues, eye screening recommendations, and
pregnancy-related eye conditions to improve care and
reduce inequities for women. In addition, information on
SABV and gender differences and their broader implications in eye health should be incorporated during rotations and specialty training. Expanded awareness of how
sex and gender influence eye health and care will better
equip providers to assist patients in holistically understanding their eye health.
Building patient awareness and education about eye
health aids in behavioral adjustments that could positively impact women’s eye health. Women should be
informed of the potential eye health risks throughout the
life-course, including issues associated with pregnancy (if
part of their life plan) and menopause. Social media and
mobile health apps provide accessible avenues to provide
educational resources to patients and providers. These
platforms also offer opportunities to connect with communities of support along the patient journey. When
education efforts are implemented across the patient and
provider spectrum, there is optimal opportunity for collaborative goal-setting and improved quality of care for
all women.
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Interdisciplinary collaborations

The multi-level population health approach to improving women’s eye health leverages opportunities for
partnerships and collaboration amongst eye health providers, non-ophthalmic providers, population health
experts, and community stakeholders to create more
holistic and comprehensive solutions to barriers to
adequate research funding, access to quality care, and
patient and provider education. By engaging stakeholders who are specialized for different populations
and sectors of interest, efforts can build upon existing relationships and structures within communities.
For example, if early childhood educators are aware
of vision problems and how this can hinder development and behavior, attention can be given to children
with vision issues to prevent them from falling behind
academically. Conversely, older women should also be
educated on eye health needs, as their risk increases for
age-related eye diseases. Public health professionals,
senior care specialists, and minority health specialists
have the opportunity to integrate eye health education
and early detection strategies into established programs
that can target diverse populations. Many national nonprofit organizations and professional societies have
established networks that can assist with promoting
education among health care providers, advancements
in research, building public awareness, and advocacy
with policymakers. Fostering new cross-sector partnerships and enhancing existing ones between state and
federal agencies, non-vision researchers (e.g., economists, gerontologists), and public and private organizations would also facilitate system-wide progress.

Perspectives and significance
Various biological and social determinants of health
contribute to eye health disparities and inequities for
women. The solution is not necessarily to create a new
system, but to adapt current systems to better address
eye disease burden in women. Issues must be targeted
through a multifaceted, systems-level approach that
integrates women’s eye health as a priority in research,
education, and collaboration across individual, clinical,
and community-based settings. Finally, elevating the sex
and gender lens in eye health research and care is key to
advancing our understanding of eye health disparities
among women and how these inequities can be rectified.
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