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RE: FDA-2024-D-4245, Study of Sex Differences in the Clinical Evaluation of Medical Products

On behalf of the undersigned organizations and university-affiliated researchers, we appreciate the
opportunity to provide comments on the Food and Drug Administration (FDA) draft guidance “Study of
Sex Differences in the Clinical Evaluation of Medical Products.” We commend the FDA for its ongoing
commitment to ensuring the inclusion of females in clinical trials and the analysis of sex-specific data in
regulatory submissions, and the draft guidance provides a valuable framework to support this work across
condition and disease areas. However, we encourage the FDA to specifically consider its relevance to
women at risk for or living with Alzheimer’s disease and Alzheimer's disease-related dementias
(AD/ADRD).

Currently, nearly 7 million Americans are living with Alzheimer’s disease, and this number is projected
to double by the year 2060." Women comprise nearly two-thirds of the Alzheimer’s disease population in
the United States and account for a similar proportion of the unpaid Alzheimer’s disease caregiving
population.**Alzheimer’s disease is the fifth leading cause of death for women aged 65 and older, and
women in their 60s are “more than twice as likely to develop Alzheimer’s disease” than they are to
develop breast cancer.”

The urgent need to accelerate the development of medical products to address the growing incidence of
AD/ADRD requires science that consistently examines the role of sex in the condition’s onset,
progression, and overall impact. Given the higher incidence and prevalence of Alzheimer's disease among
women, we commend the FDA for prioritizing a thorough examination of sex differences in the clinical
development and evaluation of medical products and raise recommendations for the agency’s
consideration below.

Recommendations to FDA

We urge the FDA to implement a comprehensive framework that considers sex as a fundamental variable
throughout drug and device development, approval, and post-market processes across disease and
condition areas, including AD/ADRD. This should include the following recommendations:

1. Representative Cohorts in Clinical Trials: Ensure clinical trials recruit and retain study cohorts
that are reflective of disease burden, with findings analyzed by sex and relevant social
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determinants to better understand how race, ethnicity, socio-economic status, and sex intersect in
disease risk, diagnosis, and treatment outcomes.

2. Sex Differences in Disease Risk, Progression, Prognosis, and Treatment Response: Enhance
research into how sex influences neurological disease progression and treatment responses, given
the disproportionate impact on women, and explore the specific effects of life stages on brain
health. In evaluating safety and efficacy of symptomatic or disease modifying therapies,
rigorously assess if and how men and women respond differently.

3. Targeted Research on Hormonal Impacts: Focus research on the neurological impacts of
hormonal changes, particularly during menopause, to develop safer, more targeted hormone
therapies for women.

These recommendations are intended as a foundational starting point for understanding the role of sex
differences in AD/ADRD diagnosis, manifestation, and treatment. Recognizing these differences is
crucial for advancing our understanding of these conditions, and similar patterns may be observed across
other diseases and health conditions. In light of this, we urge the FDA to take into account the following
information, which may be valuable when considering sex-specific data in clinical evaluations.

Sex Disparities in Alzheimer's Disease Clinical Trials

The draft guidance rightly cites the historical underrepresentation of women in clinical trials for certain
therapeutic areas, which remains an ongoing issue. The representation of women in Alzheimer's disease
drug and device trials is more nuanced. While women are generally overrepresented compared to men in
these trials, their participation still does not fully reflect the population of women living with Alzheimer's
disease. Each Alzheimer’s disease trial should aim for a proportion of female participants that aligns with
the disease burden in the general population, acknowledging that women are at a higher risk for
developing Alzheimer's disease due to factors such as age, hormonal changes, and genetics. This
approach allows for flexibility in trial design, considering factors like methodology or scientific grounds
that may necessitate deviations from the population-wide estimate.

The inclusion of women in clinical trials for Alzheimer’s disease medical products is necessary for
understanding the varied impacts of diagnostic and treatment tools. For example, women on the whole
experience faster cognitive decline after the diagnosis of Alzheimer’s disease mild cognitive impairment
(MCI), highlighting the need for systematic study of sex-specific differences in biomarkers, risk factors,
emergence and progression of symptoms, disease pathology, and treatment responses.’ Given the
different neurobiological and hormonal factors at play, it is vital that the evaluation of diagnostic tools
account for the specific ways that Alzheimer’s disease presents in women.

Likewise, the cognitive symptoms experienced by women with Alzheimer’s disease can differ from those
seen in men. One study evaluating sex-specific differences in verbal memory found that “women
significantly outperformed men on immediate and delayed measures of verbal memory.”® This may lead
to clinical misinterpretations of cognitive decline patterns in women, delaying critical interventions,
diminishing treatment efficacy and, for some women, resulting in progression to the point of becoming
ineligible to initiate treatment. Furthermore, women with Alzheimer's disease are more likely to
experience mood disorders like depression, which can further complicate clinical assessment and
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treatment.’ In certain cases, “late-life depression and dementia can be indistinguishable™ for clinicians.
Alzheimer’s disease patients with depression tend to exhibit more severe neuropathology compared to
those without depression, which may alter treatment options.® Men may also show higher rates of
Alzheimer’s disease related apathy or aggression.’

These sex-specific differences in symptomatology should be addressed in clinical trials for drugs that
target behavioral symptoms or cognitive decline and should be considered in weighing the patient and
caregiver reported outcomes in evaluating clinical benefits of disease-modifying and symptomatic
treatments. Ensuring that trials account for the different ways in which symptoms manifest in men and
women, along with any treatment response differences between men and women, is crucial for developing
treatments that are appropriately titrated and effective for both sexes. Without this consideration, there is
a risk that treatments may be less safe and effective for women or that their symptoms — which differ in
onset, incidence, frequency, and/or intensity — may not be managed appropriately by some clinicians or in
some clinical settings.

Role of Gender, Race/Ethnicity, and Social Determinants of Health in AD/ADRD

Women'’s experience with AD/ADRD throughout the diagnostic and treatment process cannot be
untwined from the influence of social factors, and we urge the FDA to take these experiences into account
within the draft guidance.

AD/ADRD manifests differently across racial and ethnic groups, with the intersection of race, ethnicity,
and sex influencing the prevalence, progression, and experience of the disease in complex ways. Black
and Hispanic women, for instance, face not only the inherent risks associated with female sex but also the
exacerbating effects of racial and ethnic disparities. Emerging research indicates that there may be racial
and ethnic disparities in certain biomarkers of Alzheimer’s disease. For example, lower levels of total tau
and phosphorylated taul81 proteins in the cerebrospinal fluid (CSF) of African American individuals
seem to be influenced by a combination of race and the APOE &4 gene. This suggests that the APOE &4
gene may affect African American individuals differently than white individuals in relation to
Alzheimer’s disease risk.'* Factors related to medical bias also contribute to observed disparities, as Black
patients with Alzheimer’s disease often have to exhibit more advanced symptoms before receiving a
dementia diagnosis compared to their white counterparts.'’ The intersection of structural sexism and
racial disparities and biases exacerbates this issue, with Black women experiencing more significant
memory loss and cognitive decline than white women.'? Similar inequities are observed in other
minoritized groups, such as Hispanic populations, who are up to 1.5 times more likely to develop
Alzheimer’s disease and related dementias but only 18% more likely to be diagnosed."?
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The draft guidance makes sparing references to race as a factor for AD/ADRD disease risk, with
mentioned recommendations that sponsor reports include “the number of participants entered into the
study to date tabulated by ‘age group, gender, and race,’” and requiring sponsors “to present safety and
effectiveness data in the clinical data section of an NDA by ‘gender, age, and racial subgroups.’”
However, the aforementioned disparities underscore the urgency for the FDA to elevate the need for
strengthened proportionate racial and ethnic representation in clinical trial research, particularly in the
AD/ADRD context. AD/ADRD research has been informed largely by white participants, yet African
Americans, who represent nearly 20% of people living with dementia in the United States, only account
for about 2% of clinical trial participants.'* Barriers to clinical trial participation are, at least in part,
attributed to various social determinants of health, including medical distrust stemming from historical
injustices within the medical system and lower access both to routine clinical care and research sites.
Race cannot be overlooked as a factor in trials related to AD/ADRD as race and ethnicity are
demonstrated to play critical roles in health outcomes, including disease onset, progression, and treatment
responses for these diseases.

Furthermore, women situated at the intersection of multiple marginalized identities may experience
disproportionately high levels of vulnerability to AD/ADRD and disparities in diagnosis and care due to
compounded socioeconomic inequities and health care disparities. This includes women residing in rural
or underserved areas, particularly where health care resources are in short supply. Women of
marginalized identities may encounter heightened impacts of social determinants of health, including
poverty, limited access to quality health care, environmental stressors, and a legacy of medical mistrust
rooted in historical injustices. The cumulative impact of these factors can delay the diagnosis of
AD/ADRD and hinder access to preventive care and therapeutic interventions. This highlights the need
for inclusive representation to ensure that clinical trial results are generalizable across all populations,
allowing for tailored and effective treatments that meet the needs of different patient groups. The FDA
must continue to push for inclusive and representative participation in clinical trials to bridge the gap in
AD/ADRD research and better address the unique needs of underrepresented populations and should
mitigate the barriers to clinical trial participation faced by individuals in these marginalized groups.

The relationship between environmental and lifestyle factors and AD/ADRD risk in women adds another
layer of complexity, and, while there is growing interest in understanding this connection, research and
evidence in this area is lacking. It remains unclear whether women are more susceptible to the adverse
effects of certain lifestyles, diets, or environmental toxins compared to men, and understanding how such
factors may play a role in disparities in disease prevalence could improve diagnostic and therapeutic tools.
Research in other neurodegenerative disorders, such as Parkinson's disease, has shown that exposure to
environmental toxins, including air pollution, can increase the risk of developing these conditions."
Likewise, areas with higher levels of pollution, particularly in the Southeast United States and rural
regions, often with socioeconomically disadvantaged populations, have been linked to an increased risk of
Parkinson’s and other neurodegenerative diseases. These findings suggest that similar environmental
factors could potentially impact AD/ADRD risk in women, underscoring the need for further research to
examine how such exposures may contribute to the disease's development.

Understanding the intersection of sex, race, ethnicity, and social determinants of health should be
considered in the clinical evaluation of medical products ensures that treatments and interventions are
effective across all populations. By considering these intersections, clinical trials and medical evaluations
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can identify any disparities in safety, efficacy, or accessibility, leading to more personalized and effective
care for all populations.

Influence of Caregiving on AD/ADRD Prevalence and Outcomes

Caregiving for individuals with AD/ADRD can have profound and long-lasting effects on caregivers,
especially women, who are more likely to take on these roles. Women are disproportionately represented
in caregiving roles, with more than 60% of unpaid AD/ADRD caregivers being women.'® Addressing the
caregiving burden on women is crucial for evaluating sex differences in clinical care because caregiving
can significantly impact physical and mental health. Caregiving can be emotionally, physically and
psychologically demanding, and evidence shows that caregivers experience “psychosocial and physical
health effects,” with impacts being more pronounced for women caregivers and caregivers from lower
socioeconomic groups.'” Caregivers can experience burnout due to the attention required to manage the
complex needs of a person with AD/ADRD.

One particularly alarming aspect of caregiving is the potential for caregivers themselves to experience
cognitive decline. Research has suggested that caregivers—especially those caring for individuals with
dementia—are at an elevated risk for cognitive decline and, potentially, for developing dementia
themselves, with one study noting that dementia caregivers have significantly greater cognitive decline
compared to non-dementia caregivers, and that older adult caregivers are acutely susceptible to the
psychological stress associated with caregiving.'®

Women'’s caregiving roles throughout the life course may have altered physiological and psychological
states that potentially affect clinical trial outcomes and health care needs. Caregiving has been linked to
chronic stress, which can result in hormonal changes and alterations in the brain’s function.'” Women
caregivers may also be more likely to suppress their own health needs due to the demands of caregiving,
delaying their own medical treatments and further exacerbating physical health challenges.

Understanding the unique physiological and psychological experiences of women caregivers is critical for
improving clinical care and ensuring that medical products and treatments are evaluated in ways that
account for these experiences, not only for AD/ADRD caretakers but for caretakers across condition
areas. Clinical trials often fail to address how caregiving responsibilities may impact outcomes for
participants, especially women. Women caregivers may experience more difficulty adhering to clinical
trial protocols, may have higher dropout rates, and may exhibit different responses to treatment due to the
dual stress of caregiving and their own health challenges. Clinical evaluations and practices can
ultimately be improved by addressing the sex differences in caregiving and recognizing the profound
impact of caregiving on health.

Evidenced Sex Differences in Alzheimer’s Disease and Hormonal Impacts

Several factors are thought to influence the apparent sex differences in Alzheimer’s disease. Age is
considered the most important risk factor for Alzheimer’s disease, with most Alzheimer’s disease cases
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becoming clinically observable after the age of 65.2° In the United States, women experience greater life
expectancy: 79.3 years for women compared to 73.5 years for men.?! Additionally, strong evidence is
emerging that sex-specific differences in gene networks in the brain and hormonal factors contribute to
disease onset and progression. The influence of hormones, particularly estrogen, plays a crucial role in
brain health and vascular function.

Estrogen plays a critical role in Vascular Contributions to Cognitive Impairment and Dementia (VCID).
Estrogen is thought to have neuroprotective effects, and its decline after menopause may increase
women’s vulnerability to both vascular cognitive impairment and other types of dementia. It is during the
menopause transition, which typically occurs between the ages of 45 and 55, that women experience
significant hormonal changes that impact neurological health.

From their transition into menopause through end of life, women may experience a variety of
physiological changes, namely a loss in estrogen. The brain, which relies heavily on glucose as its
primary fuel source, also suffers a decline in glucose metabolism during menopause. This reduction in
glucose utilization—about 10-20%—is especially significant since the brain consumes a substantial
portion of the body's energy. In response to this glucose deficit, the brain begins to rely on lipids as
auxiliary fuel sources. This shift in fuel utilization is associated with menopausal weight gain, as the body
begins to store more lipids and generate ketone bodies for energy.

One of the most notable changes during the menopause transition is the impact on brain white matter,
which is crucial for facilitating fast synaptic transmissions between nerve cells. The brain is the most
lipid-rich organ in the body, and this white matter plays a vital role in the efficiency of brain processes.*
However, the hormonal changes associated with menopause can interfere with the normal function of
white matter, potentially affecting cognitive function. As a result, many women report cognitive
complaints during menopause, including memory disruptions and difficulty concentrating.* In addition to
cognitive symptoms, depression, autoimmune diseases, and other neurological conditions may emerge or
intensify during this time, with the brain serving as the common actor for these changes. Hormone
replacement therapy has been studied for its potential to reduce dementia risk in postmenopausal women
and, while some studies suggest that estrogen has a protective effect on mitigating neurodegeneration,
findings from others are mixed.**

This decline in estrogen may also exacerbate the effects of vascular risk factors such as high blood
pressure or cholesterol, increasing the likelihood of VCID and other forms of dementia.® VCID is
associated with conditions like vascular dementia and cognitive decline following stroke or small vessel
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disease, however, clinical understanding of the role of sex and gender in vascular dementia is limited.***’

The role of cardiovascular risk factors in dementia is an area of growing interest, and some studies
suggest that women more often develop cognitive impairment in “domains of attention, executive
functioning, and language” after a stroke compared to men; however, more research is necessary for a
holistic understanding of potential sex differences in this area.?®

As VCID often coexists with other dementias, including Alzheimer’s disease, particularly in the aging
population, the presence of both vascular pathology and neurodegenerative pathology (e.g., Alzheimer’s
or frontotemporal dementia) can lead to mixed-etiology dementia. Mixed-etiology dementia is especially
difficult to diagnose and treat, as it involves multiple causes of cognitive impairment. While sex
differences are not evident in the prevalence of VCID, more inclusive research could shape improved
understanding around the role of how women’s longer life expectancy and higher rates of vascular risk
may contribute to the development of mixed-etiology dementia.”

Variations in immune response also contribute to sex-specific differences in Alzheimer's disease.
Rigorous studies demonstrate that “the immune system in females seems more robust and responsive to
immune stimuli” and that “certain detrimental inflammatory responses are associated with female-biased
AD risk alleles, such as [APOE &4].”*° These sex-specific differences in immune and metabolic function
are critical for understanding the underlying mechanisms of Alzheimer's disease and underscore the
necessity of considering sex as a biological variable in clinical trials.

We appreciate that the FDA draft guidance notes that “fluctuations associated with hormonal
changes...may also influence clinical outcomes” and that covariates, such as pre- and post-menopause,
may be responsible for the differences in safety or effectiveness for a medical product, but given the
significance of the changes associated with menopause, FDA may consider highlighting this life stage in
greater detail. Specifically, we encourage the FDA to provide more explicit guidance on how to account
for the unique physiological and hormonal shifts during menopause when designing clinical trials or
evaluating data. This could include guidance for additional stratification by menopausal status,
considerations of symptom management, and incorporating menopause-related biomarkers in efficacy and
safety analyses. By doing so, the FDA would help ensure that medical products are evaluated
appropriately for their impact on this significant phase of life, which could lead to better tailored
treatment options for individuals experiencing menopause.

Conclusion

We appreciate your consideration of these comments and look forward to working together with the FDA
to deepen our understanding of sex differences in the clinical evaluation of medical products and to
ensure that future research and therapies are more inclusive, effective, and tailored to the needs of all
individuals. Please reach out directly to Ian Kremer, Executive Director of LEAD Coalition at
ikremer@leadcoalition.org or Lindsey Miltenberger, Chief Advocacy Officer at the Society for Women’s
Health Research at lindsey@swhr.org with any questions.

26 National Institute on Aging. Vascular Dementia: Causes, Symptoms, and Treatments. National Institute on Aging. Published
2021. https://www.nia.nih.gov/health/vascular-dementia/vascular-dementia-causes-symptoms-and-treatments

27 Akhter F, Persaud A, Zaokari Y, Zhao Z, Zhu D. Vascular Dementia and Underlying Sex Differences. Front Aging Neurosci.
2021;13:720715. Published 2021 Sep 8. doi:10.3389/fhagi.2021.720715

28 Exalto LG, Weaver NA, Kuijf HJ, et al. Sex Differences in Poststroke Cognitive Impairment: A Multicenter Study in 2343
Patients With Acute Ischemic Stroke. Stroke. 2023;54(9):2296-2303. doi:https://doi.org/10.1161/strokeaha.123.042507

29 Gannon OJ, Robison LS, Custozzo AJ, Zuloaga KL. Sex differences in risk factors for vascular contributions to cognitive
impairment & dementia. Neurochemistry International. 2019;127:38-55. doi:https://doi.org/10.1016/j.neuint.2018.11.014

30 Lopez-Lee C, Kodama L, Gan L. Sex Differences in Neurodegeneration: The Role of the Immune System in Humans. Biol
Psychiatry. 2022;91(1):72-80. doi:10.1016/j.biopsych.2021.01.002



Sincerely,
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