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Chapter 1 )
Introduction Check or

Erin Sullivan-Baca and Rachael L. Ellison

Introduction

If you are taking the time to read this book for your own professional development,
or to integrate in formal didactics, supervision, or other coursework, we as a field
are already one step closer to addressing a long history of reduced attention to wom-
en’s and gender issues in medical research. These gaps, from training, to study
design and methodological approach, to a history of biases in the peer review pro-
cess, compound one another and reduce both the quality of our research and gener-
alizable knowledge, and ultimately impact patient care and do a disservice to our
students and trainees. We, the editors of the present book, have personally experi-
enced such gaps, from lack of inclusion of these topics across our doctoral training,
clinical internships, and/or post-doctoral fellowships, to, experiences in our profes-
sional lives; for example, receiving a culturally insensitive response from peer
reviewers stating, “I do not find the statistical comparison between men and women
particularly informative or interesting.” Such a statement came from but one of
many voices across various facets of the scientific community which continue to
influence how research is disseminated, how education and training is structured,
and how clinical care is performed. Overall, we aim to bring to this book our per-
sonal and professional passions for instigating change in our field, and dismantling
the current historical precedents of marginalization and minimization of women in
research, particularly related to cognition.

E. Sullivan-Baca ()
Neurocognitive Specialty Group, Dallas, TX, USA
e-mail: sullivan-baca@nsgdallas.com

R. L. Ellison
Rosalind Franklin University of Medicine and Science, North Chicago, IL, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 1
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2 E. Sullivan-Baca and R. L. Ellison

Specifically, in Neuropsychology of Women, we aim to fill crucial gaps in the
literature on women’s issues in our field and provide a resource to anyone seeking
to learn more about how women are uniquely influenced by neuropsychological
conditions. In this introductory chapter, we will place the book in the larger context
of the medical field by providing an overview of historical biases in research, which
have led to current discrepancies in our knowledge based on how various conditions
affect women and their cognitive functioning. We will incorporate discussions of
policy changes and current initiatives aimed at comprehensive gender inclusion
across research, which provide an optimistic outlook for the downstream future of
women’s health. We will next specifically zoom into the current state of the field of
neuropsychology, including broad lessons of what we know about women and what
we are yet to elucidate about their neurocognitive health. Finally, we will discuss
our overall aims of this book, including recommendations for how it can be used in
various contexts, spanning research, clinical care, and education/training.

Underrepresentation of Women in Medical Research

Women have long been underrepresented in medical research. Women of color and
transgender populations have historically experienced even greater rates of under-
representation (e.g., Bierer et al., 2022; Boehmer, 2002). The reasons for this lack
of representation are multifactorial and stem from policy, access, and research
focus, among other complex variables.

Relevant policy factors over the past 50 years are described in Fig. 1.1.

Policy is not, however, the only influence on inclusion of women in research. In
a 2018 article, authors laid out pitfalls in clinical drug trials that led to

-
1977
General Considerations for the Clinical Evaluation of | *Recommended that allwomen of childbearing potential be excluded from early stage (stage 1 and 2) clinical trials.
Drugs
1990
) ) | *The ORWH “has served as the focal point for women’s health research at NIH (...) [and] works in partnership with the
Establishment of the Office of Research on Women’s [ qther NIH Institutes, Centers, and Offices (ICOs) to promote the prioritization of women’s health.”
Health (ORWH)
\
7
1993 «Established “to give advice and to make recommendations on priority issues affecting women’s health and sex
NIH Revitalization Act establishes the Advisory differences research.”
Committee on Research on Women’s Health (\CRWH) | *Reversed the recommendation to exclude all women of childbearing potential from clinical trials.
\
>
2015
NIH Creates the Sexual and Gender Minority Research | *Developed to coordinate sexual and gender minority research and activities by working directly with NIH ICOs.
Office (SGMRO)
\
s
2016
NIH releases a policy regarding “Sex as a Biological | *Emphasized that sexmust be considered as a biological variable in both animal and human studies with NIH funding.
Variable.”
\
’
2018
ORWH puts forth the Trans-NIH Strategic Plan for | *Putforth a strategic plan for 2019~ 2023, with subsequent multi-year strategic plans released for up to 2024 - 2028.
L Women’s Health Research
>
2024
NIH releases several Notices of Special Interest related | *Notices released in response to the White House executive order to advance women's health research and innovation.
L to women'’s health research
>
2025 «In response, funding agencies and academic journals are screening funding proposals and academic articles for terms
White House releases multiple executive orders related to gender.
targeting DEl programs and policies «The long-term effects of these executive orders may disincentivize women and gender-related research.
.

Fig. 1.1 Policy factors influencing women’s involvement in medical research, 1977—Present.
Note: Information gathered from the National Institutes of Health (NIH; www.nih.gov)


http://www.nih.gov

1 Introduction 3

underrepresentation of women (Pilote & Raparelli, 2018). While these pitfalls were
related to women’s inclusion in cardiovascular clinical trials, the lessons they
describe are relevant for other healthcare issues. Such barriers included a lack of
knowledge and awareness of sex and gender by the researchers, including a knowl-
edge gap in terminology (e.g., sex vs. gender), and gender-related barriers to engage
in research, including access to care and parenting/caregiver responsibilities.
Barriers were also acknowledged at the editorial level, including lack of specific
editorial requirements for sex-specific reporting. Additional researcher-level factors
have also been discerned to interfere with inclusion of women, including misper-
ceptions that women will respond to the same treatment as men and the view that
women’s hormonal cycles bring increased complexity that could influence results
(Mazure & Jones, 2015).

The effects of underrepresentation of women in medical research are vast and
include impacts on time to diagnosis, accuracy of diagnosis, efficacy of treatment,
and acknowledgement of potential side effects of medication for conditions that
affect both men and women, but for which men have been overrepresented in
research (Antequera et al., 2022; Bierer et al., 2022). Additionally, research on con-
ditions that primarily affect women, including migraine, eating disorders, endome-
triosis, and gynecological cancers, is underfunded compared to conditions that
primarily affect men, leading to disparities in healthcare knowledge when treating
these conditions (Mirin, 2021). A striking and relevant example of the downstream
effects of this research disparity is a low level of knowledge among healthcare pro-
fessionals about the increased risk of cardiovascular disease after hypertensive dis-
orders of pregnancy (Roth et al., 2019), a phenomenon discussed further in Chaps.
3 and 11 of this book.

Current Initiatives to Advance Women’s Health Research

While policies have been implemented over the past several decades to address
existing research gaps, with varying levels of success, we are currently in an espe-
cially exciting time for both policy changes and public attention to disparities in
women’s medical research and healthcare. In March 2024, President Biden issued
an executive order and announced new actions to advance women’s health research
and innovation. Goals within this order include (1) integrate women’s health across
the federal research portfolio; (2) prioritize investments in women’s health research;
(3) galvanize new research on women’s midlife health; and (4) access unmet needs
to support women’s health research.

In September 2024, the U.S. Department of Defense committed to spend $500
million per year on women’s health research, primarily through the Congressionally
Directed Medical Research Programs. Additionally, they pledged to adopt a new
research policy to ensure that women’s health is considered during each step of the
research process for all projects funded through their programs. The U.S. Department
of Health and Human Services Healthy People 2030 initiative also highlights
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several objectives related to women’s health, including objectives related to wom-
en’s experiences of cancer, family planning, osteoporosis, pregnancy, and child-
birth. While there is still ample ground to cover to promote gender equity in
healthcare, these large-scale initiatives, at the time, provided a cautiously hopeful
outlook for the future of women’s medical research and healthcare. More recently,
in 2025, women’s related research has encountered difficulties related to reductions
in prioritization of funding, administrative barriers with NIH funding, and broad
disincentives for conducting gender-focused research.

Women as a Focus of Neuropsychology Research, Training,
and Clinical Care

Gender disparities in neuropsychology research and healthcare have been less well
documented; although there are indicators that our field is not immune to the same
history and trends inherent to the larger healthcare system. Biases in sex and gender
inclusion in research are particularly prevalent in neuroscience and related fields,
perhaps due to the perception that hormonal fluctuations in women may introduce
unnecessary noise into the study of already complex topics, such as cognition
(Shansky & Woolley, 2016). In a recent article, Prieto and colleagues examined the
representation of women as participants in research across publications in eight
major neuropsychology journals in 2019 (Prieto et al., 2024). Findings suggest that
while the number of women included in neuropsychology studies is similar to that
of men (48.24% women vs. 51.76% men), gender-focused neuropsychology
research is extremely limited (3% of studies) and research is more likely to include
only men or majority men compared to only women or majority women.

While research is only one facet of neuropsychology, it is an important driver of
what information is disseminated into neuropsychology education, training, and
clinical practice. While studies have not specifically been performed to estimate the
rate of inclusion of women’s topics into neuropsychology training, speaking anec-
dotally, we would assert that coverage of these topics is likely minimal. Sparse
education and training on women’s issues in neuropsychology has far-reaching
effects, including (1) reduced understanding of how women and men with the same
neuropsychological condition may present differently, leading to diagnostic inac-
curacies; (2) reduced understanding of how women-specific issues (e.g., pregnancy
and menopause) may influence neuropsychological functioning; and (3) limited to
no training on gender-specific questions to ask during the clinical interview or to
consider in interpretation and recommendations, which could lead to insufficient
care for women patients.
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Structure and Aim of Neuropsychology of Women

In this book, we aim to provide a resource to neuropsychologists at all levels of
training and career, spanning work settings, to better understand how neuropsycho-
logical conditions affect women. In structuring the chapters, we drew inspiration
from other fundamental neuropsychology texts and identified nine key categories of
conditions often encountered by neuropsychologists: neurodevelopmental disor-
ders, stroke and vascular dementia, traumatic brain injury, Alzheimer’s disease and
other dementias, movement disorders, epilepsy, cancer, autoimmune disorders, and
chronic health conditions. We also included a final chapter focused on issues spe-
cific to women, including pregnancy, menopause, and other hormonal factors.
Within each chapter, authors aimed to provide an overview of the condition fol-
lowed by a critical examination of how gender influences base rates and prevalence
rates, risk factors, symptom presentation, diagnosis, and prognosis. Each chapter
concludes with research and clinical takeaways, which we hope will provide suc-
cinct messages that can easily be incorporated into educational or didactic settings.
This book is unique within our field and comes at a time of burgeoning focus,
interest, and funding into women’s healthcare issues. We sincerely hope that it will
lay the groundwork for inclusion of gender into discussions of neuropsychological
concepts and promote gender-informed healthcare for all of our women patients.
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Chapter 2 )
Neurodevelopmental Disorders i

Kritika Nayar, Lauren Bush, and Megan N. Scott

Introduction

Neurodevelopmental disorders encompass a wide range of lifelong disorders that
are characterized by developmental delays in motor, language, physical, social,
learning, or behavior. These disorders present early in development and impact an
individual’s course of development, causing impairments in multiple areas of func-
tioning (e.g., academic, personal, social, occupational). Research indicates that sex
and gender are important considerations when considering the diversity and range
of presentations in neurodevelopmental disorders.

There are significant differences in prevalence rates of neurodevelopmental diag-
noses based on gender (Table 2.1). In a recent U.S. population-based survey, the
overall prevalence rate of any neurodevelopmental disorder in children between the
ages of 3 and 17 years was 17.8% based on parent report (Zablotsky et al., 2019).
However, female children are much less likely to be diagnosed with neurodevelop-
mental conditions than male children, with gender ratios ranging from 1.2:1 to 4:1
males to females being reported across developmental conditions (Zablotsky et al.,
2019; Bolte et al., 2023). Zablotsky et al. (2019) reported a prevalence rate of any
neurodevelopmental disorder in 12.6% in females, while it was 22.7% in males.
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Table 2.1 Ratio Of Neurodevelopmental disorder Ratio (female:male)
females to males with Intellectual disability/intellectual 111210 1:1.6
neurodevelopmental .

. developmental disorder
disorders

Specific learning disorders 1:1.67
Attention-deficit/hyperactivity disorder | 1:2.1 to 1:4
Autism spectrum disorder 1:3to 1:4

This discrepancy is also well documented in the literature. Historically, gender
ratios are largely attributed to the sex-linked genetic factors as well as to increased
vulnerability to brain insult in males (American Psychiatric Association, 2013).
There is, however, concern that there are sex-based differences in phenotypic pre-
sentations, delayed diagnosis, and underdiagnosis in certain neurodevelopmental
conditions that may be contributing to these gender ratios.

In this chapter we will focus on intellectual disability (ID), learning disorders
(LDs), attention deficit hyperactivity disorder (ADHD), and autism spectrum disor-
der (ASD). The focus on these specific presentations is based on available research
in these areas which indicates that there are notable differences in phenotypical
presentation, outcomes, or prognosis in females, or that there are concerns with
regard to delayed diagnosis or under-identification of these presentations in females.
We will highlight the two most common genetic causes of intellectual disability
(Down syndrome and fragile X) and two genetic disorders that have a higher inci-
dence rate in females (Rett syndrome and Turner syndrome). Other genetic syn-
dromes will not be individually discussed beyond the broader intellectual disabilities
section due to limitations in research in sex-differences within these specific condi-
tions. Given that neurodevelopmental disorders initially present early in develop-
ment and are typically identified in childhood, the bulk of this chapter will focus on
the pediatric literature with some focus on adult presentations and outcomes.

Intellectual Disability (Intellectual Developmental Disorder)
(ID/IDD)

Intellectual disability (ID) is a neurodevelopmental disorder with onset in the early
developmental period. Individuals with intellectual disability demonstrate deficits
in intellectual functioning (reasoning, academic functioning, problem solving, plan-
ning, etc.) as well as deficits in adaptive functioning (conceptual, social, and practi-
cal domains) that limit one’s ability to attain culturally appropriate levels of
independence and social functioning (American Psychiatric Association, 2013). On
assessments of intellectual functioning, IQ scores of 70 and below characterize
intellectual disability; though, there is acknowledgement of statistical variation.
Individuals with IQ of 75 can be diagnosed with intellectual disability when deficits
of adaptive functioning are clearly demonstrated. Conversely, individuals with IQ
scores around 70 who do not demonstrate adaptive impairment would not meet
criteria for this diagnosis. While severity of intellectual disability had previously
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been determined by IQ, in the DSM-5-TR severity level of intellectual disability
(mild, moderate, severe, profound) is determined by the level of adaptive function-
ing impairment in the conceptual, social, and practical domains (American
Psychiatric Association, 2022). The majority of cases of intellectual disability fall in
the mild ID range, with less than 0.5% of cases of ID falling in the severe range
(Rrauch et al., 2012).

This section provides an overview of gender differences in ID/IDD. The follow-
ing information focuses primarily on children with some focus on gender differ-
ences in outcomes in adulthood in ID. Given the vastness of this topic and the range
of etiologic factors and syndromic presentations of ID, the majority of the informa-
tion provided below examines ID/IDD as a whole without differentiating between
idiopathic and syndromic ID. Two of the most common IDDs with a genetic basis
are Down syndrome and fragile X. Due to their higher prevalence rate, there is more
research on gender differences, and thus these specific populations will be discussed
as follows (see Boxes 2.1 and 2.2, respectively). Turner syndrome and Rett syn-
drome are reviewed separately as these genetic syndromes occur almost exclusively
in women (se Boxes 2.3 and 2.4).

Box 2.1 Fragile X Syndrome (FXS)

Fragile X syndrome (FXS) is the most commonly known inherited cause of
ID (Huddleston et al., 2014). Prevalence estimates vary depending on muta-
tion status, but the overall prevalence of FXS is approximately 1/4000 males
and 1/5000 to 8000 females (Jin & Chen, 2015). Because FXS is an X-linked
disorder, the presence of a second unaffected X chromosome in girls results in
a healthy copy of FMRI. This oftentimes contributes to a milder clinical phe-
notype in girls as compared to boys (Hagerman & Hagerman, 2002; Loesch
et al., 2002). Indeed, differences in cognitive functioning have been reported
between boys and girls, such that while boys with FXS typically meet diag-
nostic criteria for IDD (Bartholomay et al., 2019; Cornish et al., 2008), girls
with FXS show more borderline to low average 1Qs (Gallagher & Hallahan,
2012; Huddleston et al., 2014). Girls with FXS are at risk for math-specific
deficits (Hodapp et al., 1992; Mazzocco, 2001; Murphy, 2009), a finding
which is similar to the learning profile of boys with FXS and may be related
to weaknesses in short-term memory, non-verbal sequencing, and aspects of
attention and executive functioning (Freund & Reiss, 1991; Huddleston et al.,
2014; Murphy, 2009; Rivera et al., 2002).

Autism is diagnosed in approximately 20% of girls with FXS and occurs at
even higher rates in boys (Clifford et al., 2007; Hall et al., 2008; Kaufmann
et al., 2017; Philofsky et al., 2004; Rogers et al., 2001). This likely exacer-
bates a number of difficulties with social communication and functioning
(Bush et al., 2021; Lesniak-Karpiak et al., 2003). Beyond this, high levels of
social anxiety and extreme shyness are well documented (Cordeiro et al.,
2011; Freund et al., 1993), further contributing to difficulties in social, aca-
demic, and adaptive functioning among this population.
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Box 2.2 Down Syndrome

Down syndrome (trisomy 21) is one of the most common genetic causes of
intellectual disability. Down syndrome (DS) is caused by the presence by part
or all of a third chromosome 21. Patients with DS present with characteristic
facial dysmorphology, developmental delays, typically mild-to-moderate
intellectual disability, and increased risk of congenital heart defect, gastroin-
testinal abnormalities, hematological disorders, hypotonia, seizures, and early
onset Alzheimer’s disease (AD) (Akhtar & Bokhari, 2024). Prevalence rates
of DS vary across populations with the current prevalence rate in the United
States reported to be 1 in 691 live births (Parker et al., 2010).

While prevalence rates of DS do not differ significantly by sex, differences
in health outcomes have been identified. Although males are at higher risk of
congenital heart disease (CHD), a recent meta-analysis revealed females with
DS are at higher risk of hypertension, ischemic heart disease, and cerebrovascu-
lar disease (Bates et al., 2023). This is particularly notable given that CHD and
cardiovascular disease are common causes of death for those with DS. In con-
trast to the general population, life expectancy is longer in males than females
which may relate to these cardiovascular differences (Bates et al., 2023). Adults
with ID report high rates of psychiatric comorbidity (23%) though this is a
lower finding than in the general ID literature (Tassé et al., 2016). The most
commonly reported diagnoses in a cohort of adults were depression, anxiety,
and dementia with no gender differences reported (Tassé et al., 2016).

With respect to cognition, research has identified some differences in devel-
opmental trajectories and outcomes. In a Japanese study, children with DS were
found to progress at a slower rate in terms of development across language,
motor, and cognitive domains, but girls with DS were found to have higher
cognitive and language abilities in early childhood than boys (Aoki et al., 2018).
Research has identified relative strengths in nonverbal cognitive abilities in ID
while relative weaknesses have been identified in language, phonological pro-
cessing, aspects of executive functioning, short-term verbal memory and verbal
working memory though findings related to memory are mixed (Godfrey &
Lee, 2018; Loveall et al., 2017). DS is associated with higher risk of autism with
co-morbidity rates ranging from 16 to 42% (Soriano et al., 2024). No gender
differences were identified in prevalence of autism in DS, but girls with DS
(without autism) have higher scores on verbal IQ measures than those with DS
and comorbid autism (Soriano et al., 2024). This finding was not seen in males.
Some research has found that men with DS perform significantly poorer than
women with DS on assessments of episodic memory, executive processing, and
functional academics but reported higher quality of life (de Sola et al., 2015).
Risk of Alzheimer’s disease (AD) is well documented in the Down syndrome
literature and is thought to be related to overexpression of the amyloid beta gene
which leads to earlier and increased development of amyloid beta in the brain.
While gender differences have not been identified with regard to risk of AD or
rate of cognitive decline, women with DS have been found to live with AD for
a significantly longer time than men (Lai et al., 2020).
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Box 2.3 Rett Syndrome

Rett syndrome is an X-linked neurodevelopmental disorder that occurs in 1 in
every 10,000 to 15,000 live female births (Chahil & Bollu, 2024). While Rett
can occur in males, it is generally not compatible with viability, and most will
not survive beyond birth or infancy. The majority of Rett syndrome cases are
caused by MECP2 mutations linked to the gene methyl-CpG-binding protein
(Chahil & Bollu, 2024). While there is heterogeneity in the presentation, the
typical course of Rett syndrome is characterized by a four phase as described
by Hagberg et al. (1986). The first is a period of typical development in
infancy and early childhood (6-18 months of age) followed by a period of
developmental plateau. Early signs include lack of eye contact, deceleration
in head growth, and hypotonia. There is then a period of rapid regression of
cognitive and motor skills, the onset of stereotypic motor movements or hand
wringing, and the onset of autistic features occurs between the ages of 1 and
4 years. The third phase (ages 2—10 years) is characterized by stability with
some minor improvement in behavior and communication though children
remain very impaired. In addition, onset of epilepsy may occur during this
stage. Finally, the fourth stage (after the age of 10) is characterized by motor
decline, dystonia, and scoliosis. The neurocognitive presentation is character-
ized by severe cognitive impairment, loss of speech and purposeful. In addi-
tion to the cognitive impact, Rett syndrome is associated with high risk of
sleep disturbances, poor growth, seizures, feeding difficulties, and behavioral
challenges (Bricker & Vaughn, 2024).

Box 2.4 Turner Syndrome

Turner syndrome is a genetic disorder caused by the partial or complete
absence of one of the X chromosomes. Turner syndrome occurs in 1 in 2000
to 1 in 2500 live female births though this is likely an underestimate as indi-
viduals with mild phenotypes may not be identified at all or until adulthood
(Cui et al., 2018; Gunther et al., 2004). Recent research has indicated that
prevalence of Turner syndrome is not impacted by maternal age. There are
differences in prevalence rate based on race or ethnicity with higher rates for
those who identify as white though there are concerns that ascertainment
biases may contribute to differences in rates by race and ethnicity (Martin-
Giacalone et al., 2023). Turner syndrome has characteristic features of short
stature and webbed neck and is associated with higher risk of cardiac abnor-
malities, renal abnormalities, hearing loss, ovarian failure, and poor bone
health among others (Shankar Kikkeri & Nagalli, 2024). From a neurocogni-
tive perspective, Turner syndrome is commonly characterized by generally

(continued)
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age-appropriate cognitive functioning with a pattern of common neurocogni-
tive strengths and weaknesses. Specifically, strengths are found in verbal
abilities while weaknesses are commonly found in visual-spatial reasoning
and memory, attention, executive functioning, motor skills, and math skills
(Hutaff-Lee et al., 2019). Those with Turner syndrome are at much higher risk
of comorbid diagnoses of attention deficit hyperactivity disorder and specific
learning disorder with impairment in mathematics (Russell et al., 2006;
Hutaff-Lee et al., 2019). From a social-emotional perspective, females with
Turner syndrome experience higher level of anxiety, depression, and social
difficulties (Hutaff-Lee et al., 2019). Given these findings, practice guidelines
include the integration of cognitive and neurocognitive evaluations and
screening of social-emotional and behavioral health into regular care for indi-
viduals with Turner syndrome (Gravholt et al., 2024). The need for adaptation
and examination of the evidence-based intervention to address cognitive and
psychosocial needs of females with Turner syndrome was also identified
(Gravholt et al., 2024).

Prevalence Rates

There are methodological differences across studies assessing the prevalence and
incidence rate of intellectual disability (ID) leading to some variability. The global
prevalence of ID is often reported as approximately 1% though recent review raises
concern that the global rate may actually be less than 1% (McKenzie et al., 2016).
The rate of ID is reported as lower in adults (0.5) as compared to children (1.8)
(Bolte et al., 2023). Data from the most recent National Health Interview Survey
(NHIS) from 2019 to 2021 indicated a prevalence rate of 1.85 for children ages
3-17 years (Zablotsky et al., 2023). Findings indicated that ID was diagnosed at a
lower rate in girls (1.37%) than in boys (2.31%). Rates were also higher in older
children (2.35% in 13-17 year olds) as compared to younger children (1.39% in
3-7 year olds).

Additionally, ID was reported at higher rates in Black/African American children
as compared to other racial/ethnic groups (Zablotsky et al., 2023). Li et al. (2023)
reported that rates of ID were higher non-Hispanic/Latinx White or non-Hispanic/
Latinx Black/African American individuals and those with lower family income
level. Overall prevalence from the NHIS study was reported by Li and colleagues as
1.72% overall; 1.26 for females and 2.16% for males (Li et al., 2023). Of note, limi-
tations of the survey studies, such as the National Health Interview Survey, are that
they rely on parent report. When reviewing data collected in the United States as
part of the Autism and Developmental Disabilities Monitoring Network including
1Q assessment data, a prevalence rate of 1.2% was found in 8-year-old children
across nine geographic regions of the United States (Patrick et al., 2021). The preva-
lence rate for males was twice as large as the rate for females. Consistent with other
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data, rates of ID were highest among non-Hispanic/Latinx Black/African American
males (23.5 per 1000), then Hispanic/Latinx males (15.9 per 1000), then non-
Hispanic/Latinx Black/African American females (11.8 per 1000), Asian males
(11.6 per 1000), white males (10.8), Hispanic/Latinx females (7.7 per 1000), Asian
females (5.4 per 1000), and finally white females (5.2 per 1000) (Patrick et al.,
2021). It was hypothesized that disparities across racial and ethnic groups were
attributed in part to sociodemographic differences that impact outcomes (Patrick
etal., 2021). It is important to note that the studies described above do not differen-
tiate syndromic and idiopathic ID.

When examining non-syndromic ID, gender differences are attenuated (Bolte
et al., 2023). Female-to-male ratios in mild ID have been reported as 1 to 1.6 and
even closer in severe presentations 1 to 1.2. This pattern mirrors shifts to closer
gender ratios in other neurodevelopmental disorders (e.g., autism spectrum disor-
der) in more severe presentations. Interestingly, gender ratios are reported as closer
1 to 1.1-1.4 in adulthood as compared to childhood (Bolte et al., 2023).

Risk Factors

ID is multi-causal and a single known etiological cause of ID is unknown in many
of cases. Findings are variable with research suggesting 25-50% of cases are related
to genetic syndromes (Kaufman et al., 2010; Ruach et al., 2012; Srour & Shevell,
2014). Srour and Shevell (2014) reported 400 genes that contributed to syndromic
ID/IDD and 50 known contribute to non-syndromic ID. There are etiological factors
to consider outside of genetics. In addition, the American Association on Intellectual
and Developmental Disabilities (AAIDD) describes four classes of causes or contri-
butions in intellectual disability including biomedical (genetic, infection, traumatic
brain injury (TBI), other health factors), social (parental neglect, healthcare dispari-
ties, family stress, etc.), behavioral (in utero exposure, child abuse, exposure to
intimate partner violence), and educational (parental education, access to education,
etc.) (Schalock, Luckasson, & Tasse, 2021). These risk factors can impact individu-
als during the prenatal, perinatal, and/or postnatal periods (AAIDD, 2010). This
outline of etiological factors and timing highlight the complexity of IDD and the
challenges with identifying causal and contributing factors in these cases.

As previously discussed, females are generally less impacted by ID than males.
Increased rate of ID among males is thought to be due in part to biological and
genetic risk factors such as X-linked genetic disorders and to increased vulnerabil-
ity to prenatal, perinatal, and postnatal complications in males. Within certain
genetic syndromes such as fragile X, females tend to have less severe phenotypic
presentations (see Box 2.1). In addition, there are several genetic disorders that
occur almost exclusively in women (Rett syndrome and Turner syndrome). While
severe presentations of ID are more often related to biological causes including
genetic syndromes, mild presentations of ID are more often associated with socio-
economic, educational, and family variables (Cicek et al., 2020; Reichenberg et al.,
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2016). Outside of genetic disorders that occur almost in women, there is limited
data that has identified risk factors that are specific to or more significant for women.

Research examining intellectual disabilities is complicated by the high rate of
comorbidity in ID/IDDs. Research finds higher rates of comorbidity in girls with
ID/IDDs (Polyak et al., 2015). Specifically, girls have higher rates of comorbidity
overall as well as higher rates of epilepsy (Polyak et al., 2015). Girls with IDD or
autism also show increased rates of large copy number variants in ID/IDD com-
pared to males (Polyak et al., 2015). When examining family histories, girls have
more developmental disorders in their family history (e.g., growth delays). In con-
trast, boys tend to have more behavioral/psychiatric history in the family such as
autism or learning disorders (Polyak et al., 2015).

Symptom Presentation

Intellectual disability is a highly heterogenous presentation with varying etiological
contributions and symptom severity. There is limited research related to gender dif-
ferences in symptom presentation of ID. When looking along the severity contin-
uum of ID, the prevalence rates across sexes become more even with higher levels
of symptom severity. From a neurocognitive perspective, individuals with ID have
difficulty with executive functioning based on ratings on the Behavior Rating of
Executive Function (BRIEF; as self-report of executive functioning), with no sig-
nificant gender differences identified (Memisevic & Sinanovic, 2014); though, the
level of ID had a significant effect on executive function deficit. Furthermore, a
meta-analysis showed that ID was associated with inhibition deficits with a medium-
to-large effect size identified (Bexkens et al., 2014). Specifically, this analysis high-
lighted deficits in behavioral inhibition and interference control, while deficits in
cognitive inhibition and motivational inhibition were not found to be significant in
ID (Bexkens et al., 2014). There was no analysis of gender as a variable.

Diagnosis and Prognosis

There are high rates of comorbidity with other neurodevelopmental and psychiatric
disorders in intellectual disability. Children with ID are at much higher risk for a
co-occurring psychiatric disorder; though, there is high variability reported (i.e.,
10-50%; Dekker et al., 2002; Einfeld et al., 2011). Common co-morbid diagnoses
are also reported, including disruptive behavior disorders, ADHD, depression, anxi-
ety, as well as enuresis/encopresis (Munir, 2016). Internalizing disorders are more
common in children and teens with mild ID and among girls with intellectual dis-
ability while externalizing symptoms were associated with moderate-to-severe ID
and are more common among boys with ID (Cicek et al., 2020). Inconsistent find-
ings regarding risk of depression in women are reported. Several studies have
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indicated higher reports of depression, loneliness, and stress in women with ID and
in teens with ID (Lunsky, 2003). Women are at higher risk for adjustment reaction,
dementia, while men had higher risk of personality disorders and psychosis
(Tsakanikos et al., 2006).

There is limited research indicating differences in diagnosis by sex. There are,
however, important findings about outcomes in ID that are important when treating
women. From a medical perspective, ID, as a whole, is associated with poorer
access to medical care (David et al., 2015). In addition to poor access, women with
ID are less physically active (Westrop et al., 2018), have higher rates of cardiovas-
cular risk factors (De Winter et al., 2012a), and have higher rates of obesity (De
Winter et al., 2012b) compared to men with ID and the general population. Research
on life expectancy in women with ID is mixed. Some data has suggested that females
with ID have lower life expectancy (Heslop et al., 2014), while other research has
suggested that women with ID have a longer life expectancy than men with intel-
lectual disability, meaning that they are more impacted by aging and potentially
dementia (Dew et al., 2006).

Poor access to medical care impacts women with ID differently. Specifically,
women with ID have fewer mammograms and pap smears as well as higher risk of
not having pelvic examinations by 21-25 years of age when compared to typically
developing peers (Parish et al., 2015). Research also finds that mothers of teens with
ID introduced discussions about sexual topics at a later age, discussed fewer topics,
and were more concerned about vulnerability than mothers of typically developing
peers. This lack of gender education may place women at higher risk for abuse.
However, research on this topic has been challenged by problems with tracking,
reporting, and operationalizing abuse and assault. Overall, data suggests that rates
of lifetime abuse, including sexual abuse, is between 25% and 53%, and 11.5-28%
in children and teens with ID (Horner-Johnson & Drum, 2006). When examining
depressive symptoms in individuals with ID, women with ID and higher depression
scores were more likely to report a number of contributing factors including a his-
tory of abuse, poor social support, poorer coping skills, and unemployment when
compared to women with ID and low IQ scores (Lunsky, 2003). This pattern was
not the same for men.

Transition outcomes for youth with ID are poorer than those of many peers with
other disabilities. The National Longitudinal Transition Study-2 found that approxi-
mately a quarter of youth with ID were enrolled in post-secondary education within
4 years of completing high school and had half the rate of post-secondary educa-
tional enrollment and employment than peers with disabilities (Newman et al.,
2009). However, participation in inclusion-based education is a significant predictor
of post-secondary education for youth with ID (Baer et al., 2011). In addition,
females and Black/African American students with disabilities enrolled in post-
secondary education at higher rates compared to peers. One hypothesized explana-
tion was that Black/African American students are overrepresented in the mild ID
category (Baer et al., 2011).
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Learning Disorders (LD)

Specific learning disorders (SLDs) are defined in the DSM-5/DSM-5-TR as diffi-
culties “learning and using academic skills ... that have persisted for at least
6 months, despite the provision of interventions that target these difficulties” (p. 66
American Psychiatric Association, 2013; American Psychiatric Association, 2022).
Academic or LDs must be identified in at least one of the following areas: word
reading accuracy or fluency; reading comprehension; spelling; written expression;
number sense, math facts, calculation; or math reasoning. For individuals with LDs,
academic achievement must be substantially below what is expected for an indi-
viduals’ age based on standardized assessment and impair academic functioning,
occupational functioning, and/or daily living abilities. In addition, academic diffi-
culties must begin in childhood and must not be better accounted for by another
diagnosis (American Psychiatric Association, 2022). Although there is no specific
definition of impairment on assessments, academic achievement scores that are at
least 1.5 standard deviations below the mean provide higher certainty of substantial
impairment in this area (American Psychiatric Association, 2022). There is, how-
ever, allowance for flexibility when reviewing assessment data and standardized
assessment findings; it should be interpreted within the context of a broader clinical
assessment that reviews the individual’s educational history, grades, school-based
test scores, etc. (American Psychiatric Association, 2022).

Response to intervention (RTI) is another model for identification of children
with learning disorders and is used in schools many for identification of LDs to
determine eligibility of special education services or individualized education pro-
grams (IEPs). In the RTI approach, all students should be provided with evidence-
based education and their progress should be monitored. Children who are not
progressing as expected then receive a higher level of intervention or instruction for
a specified period of time. If children make sufficient gains in response to this inter-
vention, they do not require additional support. Children who do not respond to the
intervention then receive intensive intervention as well as additional evaluation to
clarify areas of challenge and the appropriateness of an educational label of specific
learning disability. While RTI has many strengths, this model can result in delays in
intensive intervention, limited assessment, and under-identification of comorbid
presentations (Pennington et al., 2019).

This section will focus on learning disorders as a group and on specific learning
disorders with impairment in reading and mathematics (referred to as reading LD
and math LD for the remainder of this section). These specific diagnoses/presenta-
tions have the most research to support them as individual constructs. Nonverbal
learning disorder will not be reviewed as it is not included in the DSM-5/
DSM-5-TR. In addition, there are inconsistencies in how nonverbal learning disor-
der is defined, which has led to inconsistencies in research literature. Similarly,
there is limited research on specific learning disorder with impairment in written
expression and inconsistencies in methodology and definitions as well as poor cor-
relation between assessments of written expression which complicates research and
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outcomes in this area (Pennington et al., 2019). Thus, this diagnosis will also not be
reviewed.

Prevalence Rates

The lifetime prevalence of LDs across gender and age is 9.7% (Altarac & Saroha,
2007). In the National Health Interview Survey, US parents reported higher rates of
LDs among boys, non-Hispanic white or non-Hispanic Black children, and those
with lower family income level (Li et al., 2023; Zablotsky et al., 2019). Recent
prevalence rate of LDs as a whole is 7.45%. Prevalence rate is lower among females
(5.57%) as compared to males (9.31%; Li et al., 2023). Research on prevalence rate
is complicated by methodological differences (e.g., survey vs. standardized assess-
ment) as well as differences in operational definitions. Despite these challenges,
there are consistent findings indicating higher rates of learning disorders in males
than females.

Specific LD with impairment in reading or dyslexia is the most commonly diag-
nosed LD. A recent systematic review and meta-analysis (Yang et al., 2022) indi-
cated world-wide pooled prevalence of dyslexia of 7.10% with rates being
significantly lower in girls (4.66%) than in boys (9.22%). Population prevalence of
developmental dyslexia/reading LD ranges from 3 to 12%, with consistently higher
prevalence rates in boys. The female:male ratio ranges from 1:1.93 to 1:3.29 (Gu
et al., 2018; Moll et al., 2014; Rutter et al., 2004).

There is much less data on specific LD with impairment in mathematics or
dyscalculia specifically. Devine et al. (2013) reported a wide range of prevalence
rates (1.3—-13.8%) in their review based on variable definitions of math LD. Despite
this wide range, Devine et al. (2013) did not identify significant gender differences.
Other studies have found slightly higher rates in boys or slightly higher rates in girls
depending on how math LD was defined. One international study found that identi-
fication of math LD with diagnostic tests led to lower prevalence rate in girls, while
identification of math LD based on teacher report led to higher prevalence rates in
girls (Ramma & Gowramma, 2002). When using cut-off criteria on standardized
assessments to define math LDs, Devine et al. (2013) found no gender differences
in prevalence rates. In contrast, when discrepancy models were applied to define
math LD (math being discrepant from reading), girls were identified at a higher rate
(Devine et al., 2013). An Irish sample revealed no significant gender differences in
rates of math LD, but when controlling for IQ, English scores, or special education
status, girls demonstrated lower math achievement scores (Morsanyi et al., 2018).
Despite inconsistent findings regarding gender differences in prevalence rates as a
whole, women with fragile X syndrome (Box 2.1) and Turner syndrome (Box 2.3)
experience much higher rates of math LD than the general population.

Reading and math LDs are highly comorbid with reports of comorbidity in either
presentation ranging from 30 to 70% (Kovas et al., 2007; Landerl & Moll, 2010).
This level of comorbidity impacts research and clinical application of findings.
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Risk Factors

There are a number of environmental factors that increase the risk for specific LDs,
including prenatal exposure and prematurity. In addition, certain genetic disorders
have higher rates of LDs. There is also a high heritability of LDs as a whole
(American Psychiatric Association, 2022). Risk factors for specific LDs with
impairment in reading and math will be discussed independently.

In reading disorders, twin studies have estimated heritability rates at 40 to 70%
(Paracchini et al., 2007). A number of susceptibility genes have been identified for
reading disorders (Granocchio et al., 2023). Two candidate genes for reading LD are
found to have differential impacts in females either increasing risk (DYX1C1) or
reducing risk (CNTNAP2), though more research is warranted in this area (Dandouh
et al., 2009; Granocchio et al., 2023; Gu et al., 2018). It is important to note that
while candidate genes have been identified, reading LD is thought to be complex
and likely polygenetic (Miciak & Fletcher, 2023). Regarding neuroanatomical find-
ings, imaging studies have shown that reading primarily involves the left hemi-
sphere with recruitment of the frontal, temporoparietal, and occipitotemporal
regions (Granocchio et al., 2023). However, these findings come from imaging stud-
ies that overrepresent males with reading disorders (Richlan et al., 2011), with
males accounting for the majority of the sample in both pediatric and adult samples.
Neuroimaging research in reading LD finds that for males the perisylvian reading
network is involved (Evans et al., 2014). In contrast, research suggests that reading
LD in girls may be characterized by involvement of early sensory and motor corti-
ces and the right hemisphere (Evans et al., 2014). Some researchers have also
hypothesized that a relationship between gray matter volume and fetal testosterone
may play a role in gender differences in dyslexia (Krafnick & Evans, 2019;
Lombardo et al., 2012). This pattern of findings suggests differing neurobiological
contributions to reading disorder by sex; though, this warrants continued evaluation
and replication in research.

There is less research on risk factors and neurobiological bases of specific LDs
in mathematics (math LD). Importantly, many children with a math LD have a
comorbid diagnosis of a reading LD which complicates research in this presenta-
tion. Heritability estimates for math LD have been found to be 0.47, although
genetic factors relevant in math LD overlap with reading LD (Cirino, 2022; Kovas
et al., 2007). In terms of neuropathology, research shows math LD is associated
with decreased white and gray matter in numerous brain regions (parietal cortex,
frontal cortex, and occipital cortex); though, there are relatively few studies (Cirino,
2022). A longitudinal study found persistent bilateral reduction in gray matter in the
inferior parietal lobe (McCaskey et al., 2020). White matter reduction was found to
be persistent in the inferior and superior longitudinal fasciculus, inferior fronto-
occipital fasciculus, corticospinal tracts, and right anterior thalamic radiation
(McCaskey et al., 2020). Many of these findings were consistent with other struc-
tural studies, but highlighted persistence over a 4-year period for children.
Importantly, gender differences have not been examined in many of these studies
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with relatively small sample sizes. Functional studies in math LD have found differ-
ences in frontal and parietal areas (Kaufmann et al., 2011). While children typically
show front-parietal activation on number processing and calculation tasks, those
with math LDs showed differences in activation in parietal, frontal, and occipital
regions (Kaufmann et al., 2011). Again, functional studies have not reported or
examined gender differences.

In females, certain genetic disorders have a significantly increased risk of math
LD. Specifically, females with Turners syndrome and fragile X experience much
higher rates of math LDs than the general population (Murphy et al., 2006; see
Boxes 2.1 and 2.3).

Symptoms

LDs are defined by academic achievement that falls well-below age-based expecta-
tions. When examining symptoms of specific LDs, there are a number of disorder
specific and broader neurocognitive symptoms that are common to these disorders.
IQ has been strongly associated with academic g or an overall general factor that
encompasses foundational literacy skills as well as reading comprehension, math,
and written expressions skills (Peterson et al., 2021). Children with specific LDs
have higher scores on the Verbal Comprehension Index (VCI) and Perceptual
Reasoning Index (PRI) of the Wechsler Intelligence Scale for Children - 4th Edition
(WISC-1V), and lower scores on the Working Memory Index (WMI) and Processing
Speed Index (PSI) (Giofre et al., 2017). When examining differences in perfor-
mance on the WISC-IV across LD categories, Toffalini et al. (2017) found that
reading LDs were associated with more difficulty on aspects of the verbal compre-
hension index, while children with mathematics LDs had more difficulty with visual
spatial or nonverbal reasoning on the perceptual reasoning and better performance
on verbal tasks. Children with co-occurring reading and math LDs had lower intel-
lectual functioning across all indices and subtests (Toffalini et al., 2017). When
looking across children with reading LD, math LD, and comorbid reading and math
LDs, Giofre and colleagues (2022) found that females outperformed mains on the
WMI and PSI with differences being more notable on the PSI. That said, these gen-
der differences were small despite being clinically significant and more notable
when comparing children with math LD to those with reading LD or comorbid read-
ing and math LDs (Giofre et al., 2022).

Numerous cognitive processes are implicated in reading LDs. Specifically, early
delays in speech or language development, phonological processing, working mem-
ory, and rapid naming are associated with increased risk of reading LDs (American
Psychiatric Association, 2013). Deficits in phonological processing are also identi-
fied in reading LDs, and are historically thought of as a primary deficit in this disor-
der (Miciak & Fletcher, 2023). That said, this is not a unitary and common deficit
among all who have reading LDs, and thus a single deficit explanation for reading
LDs is not appropriate (Peterson & Pennington, 2015). Weaknesses in phonological



20 K. Nayar et al.

memory, verbal short-term memory, processing speed, and visual attention have
been linked with reading LDs (Peterson & Pennington, 2015). Research suggests
that females have stronger literacy skills as well as better verbal processing speed,
working memory, conceptualization, visuospatial decoding, and orthographic
decoding (Bolte et al., 2023). Arnett et al. (2015) concluded that sex-related differ-
ences in reading were due to differences in processing speed and inhibitory control
and not due to deficits in working memory and phonological abilities.

There are inconsistent findings as it relates to gender differences in mathematics.
This is complicated by variability in research examining differing aspects of math
as well as math at achievement at different points in development/education. A
recent large scales study found no significant gender differences in math achieve-
ment when using individually administered measures (Scheiber et al., 2015). Some
studies have indicated minimal or no sex-differences in mathematics in early child-
hood and school age years (Lachance & Mazzocco, 2006; Robinson & Lubienski,
2011), but there has been some research that differences are reported more fre-
quently as children advances into later school years (Lindberg et al., 2010).
Consistent with this trajectory, gender differences are found on complex mathemati-
cal problem solving with females performing slightly better (Lindberg et al., 2010).
Importantly, recent research has largely disputed the idea that women are worse at
math than males. In countries where there is more gender equality, there is little data
to support differences in mathematics achievement in general (Else-Quest
et al., 2010).

A number of neurocognitive processes are implicated in math LDs. In addition
to weaknesses in numerosity or number sense, studies find poorer performance in
phonological processing (Cirino et al., 2018; Geary et al., 2007), rapid naming
(Koponen et al., 2017), processing speed (Andersson & Lyxell, 2007; Geary et al.,
2007), working memory (Friso-van den Bos et al., 2013), set-shifting (Van der Sluis
et al., 2004; Yeniad et al., 2013), and fine motor skills (Carlson et al., 2013; Flores
et al., 2023), though findings have been inconsistent in some of these areas. Visual
spatial skills have commonly been thought of as related to mathematics, but research
findings are mixed and results are variable depending on assessment tasks and age
(Cirino, 2022; Cirino et al., 2002, 2007). Those with comorbid math LDs and read-
ing LDs have more difficulty with processing speed, language, and mathematics
measures than those with math LD alone, reading LD alone, and no LD (Cirino
et al., 2015).

There is relatively little research on gender differences in the neurocognitive
processes involved in math LD though some research has examined gender differ-
ences in processes involved in math achievement/performance. Research has found
that phonological processing has an effect on children’s number recognition and
larger math performance (not specific to math LD). Kuzmina et al. (2019) found
that in the first year of schooling girls had lower number recognition and math per-
formance than boys at the start and end of the school year. Phonological processing
had a larger effect on number recognition for girls than boys. Several studies have
examined gender differences in approach to mathematics tasks showing that boys
used more verbal retrieval strategies to solve math problems, while girls relied on
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more visual spatial strategies (Carr & Alexeev, 2011; Carr & Davis, 2001). That
said, as math tasks became more complex, both sexes tended to shift toward a higher
reliance on visual spatial strategies (Carr & Alexeev, 2011). One study found that
boys relied more on verbal working memory when solving complex math problems
than girls (van de Weijer-Bergsma et al., 2022).

Diagnosis and Prognosis

Though the research is old, data examining school identification versus research
identification of students with dyslexia revealed that schools were much more
biased to identify dyslexia in boys vs. girls (Shaywitz, 1990). This has been thought
to be related to higher report of co-occurring externalizing behaviors in boys
(Shaywitz, 1990). Quinn and Wagner examined differences in school identification
compared to identification of reading impairment on standardized testing (2015).
They found that far fewer girls who had reading impairment were identified by the
school (1 in 7) as compared to boys (1 in 4). There is limited research on gender
differences in diagnosis in math LD.

In the review on gender differences, Bolte et al. (2023) reported that across LDs
females had higher rates of inattention and internalizing symptoms while males had
higher rates of hyperactivity and externalizing behaviors at large. ADHD is highly
comorbid with LDs as a whole. Population-based research has reported high rates
of comorbidity with LD with higher rates reported in clinic referred studies (Kerner
auch Koerner et al., 2021). When gender differences in rates of ADHD comorbidity
with specific LDs were examined in a population-based study, females with ADHD
had higher rates of comorbid math LDs than males with ADHD. No differences
were identified in reading LD (Kerner auch Koerner et al., 2021). Research has
historically found that LDs are more strongly associated with inattention as com-
pared to hyperactivity and impulsivity. Consistent with this, Kerner auch Koerner
and colleagues (Kerner auch Koerner et al., 2021) found that mathematics perfor-
mance was predicted by both gender and inattentive symptoms with girls and those
with inattention demonstrating poorer performance. In a clinic sample, Aro et al.
(2022) found higher rates of ADHD, affective, and anxiety symptoms across LDs.
When looking at gender and specific LD types (reading LD alone, math LD alone,
and reading and math LD), they found reading LD alone was associated with
increased risk of affective symptoms in girls (Aro et al., 2022). Math LD as a whole
was associated with the highest endorsement of behavioral-emotional symptoms.
For boys with math LD, specific concerns regarding anxiety and ADHD were
reported (Aro et al., 2022).

Research has identified that girls with ADHD had higher risk of math LD than
boys with ADHD, but this gender difference was not seen when examining reading
LD (math LDs are diagnosed earlier when there is comorbid attentional or reading
difficulties (American Psychiatric Association, 2013)). Math anxiety is thought to
impact outcomes in math achievement and can exacerbate underlying challenges.
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Research has found that females experience more math anxiety than males (Else-
Quest et al., 2010) and research has found a modest relationship between math anxi-
ety and math performance (Ma, 1999). Findings related to the causal relationship
between math anxiety and math performance are inconsistent, and thus Carey et al.
(2016) have described the relationship between math performance and math anxiety
to be bidirectional. When examining comorbid diagnoses and symptoms, math LD
has been associated with increased risk of language or communication difficulties,
and autism spectrum disorder (Morsanyi et al., 2018).

Overall, the findings are inconsistent regarding gender differences in comorbid-
ity for those with LDs. These findings are complicated by recruitment differences
(clinic vs. population-based studies), definitions of LDs, and time at which comor-
bidity is examined. That said, it is clear that children with LDs are at risk for a
number of comorbid diagnoses and neurocognitive challenges. These comorbidities
impact prognosis. From a learning perspective, significant inattention in the pre-
school years is predictive of later difficulties in reading and mathematics achieve-
ment and poorer response to academic interventions (American Psychiatric
Association, 2013). ADHD comorbidity with LDs is associated with poorer mental
health outcomes than LDs without comorbid ADHD (American Psychiatric
Association, 2013).

Research has supported the use of intervention services that support phonologi-
cal processing skills for foundational word reading weaknesses in reading LDs
(Miciak & Fletcher, 2023; Peterson & Pennington, 2015). Though there is limited
data on gender differences in response to intervention in developmental dyslexia, a
recent study found that when controlling for reading ability, girls were less likely to
have an adequate response to intervention as compared to boys (Middleton et al.,
2021). Research on gender differences in response to intervention for math LD was
limited. Effective treatment of LDs is important as those with LDs are at risk for
poorer outcomes as they transition into adulthood. SLDs in adolescence are associ-
ated with an increased risk of depressive symptoms in adulthood, with risk being
higher women (Rim et al., 2024). The National Longitudinal Transition Study-2
(NLTS2) has reported poor postsecondary outcomes for students with LDs. Wagner
et al. (2005) found that 32.7% of students with LDs as compared to 61.8% of peers
without disabilities attended any form of postsecondary education, though more
recent publications have indicated that this gap has narrowed (Sanford et al., 2011).
The type of postsecondary setting does vary with fewer students with LDs attending
4-year university settings as compared to students with LDs while those with LDs
were more likely to attend community college, vocational, technical, business, or
2-year programs (Sanford et al., 2011). While there is older research on gender dif-
ferences, there is little current research on this relationship which is crucial given
the well-documented close in the gender gap in students seeking post-secondary
education.
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Attention-Deficit/Hyperactivity Disorder (ADHD)

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
marked by persistent patterns of inattention and/or hyperactivity/impulsivity
(American Psychiatric Association, 2013). As is the case with any clinical diagno-
sis, primary symptoms of ADHD must cause a degree of functional impairment,
such that individuals with ADHD experience a direct impact on their social, adap-
tive, and/or academic/occupational functioning. The DSM-5-TR describes symp-
toms of inattention (e.g., often fails to give close attention to details or makes
careless mistakes; difficulty sustaining attention in tasks or play; does not seem to
listen when spoken to directly; difficulty organizing tasks and activities) and hyper-
activity/impulsivity (e.g., often fidgets with or taps hands or feet or squirms in seat;
runs about or climbs in situations where it is inappropriate; “on the go”; difficulty
waiting his or her turn). A minimum of six symptoms need to present for at least
6 months prior to the age of 12 years, and to a “degree that is inconsistent with
developmental level,” in order to appropriately make a diagnosis of ADHD
(American Psychiatric Association, 2013). Symptoms must present in at least two
settings (e.g., home and school). Within ADHD, individuals can present with a pre-
dominately inattentive subtype, a predominately hyperactive/impulsive subtype, or
a combined subtype (i.e., criterion for both inattention and hyperactivity/impulsiv-
ity are met). Diagnoses are additionally classified by severity, with clinicians rating
whether the ADHD presentation is mild, moderate, or severe.

In what follows is a broad-based overview of gender differences in ADHD, based
largely off meta-analytic reviews or population-based studies. The information
below focuses primarily on children, but in some cases includes studies with adult
samples. Given the vastness of this topic, readers are directed to more comprehen-
sive texts for additional detail (e.g., Oxford Textbook of Attention Deficit
Hyperactivity Disorder; Carucci et al., 2023).

Prevalence Rates

Among children aged 5-17 years, 11.3% have ever been diagnosed with ADHD
between 2020 and 2022 (Reuben & FElgaddal, 2024). Notably, there is a higher
prevalence of ADHD among boys (14.5%) relative to girls (8.0%), a pattern that
presents early in childhood and persists throughout adolescence (Reuben &
Elgaddal, 2024). Higher rates of diagnosis are also documented among white non-
Hispanic children (13.4%) relative to Black/African American non-Hispanic
(10.8%) and Hispanic/Latinx (8.9%) children (Reuben & Flgaddal, 2024).

The ratio of female to male diagnosis in children is approximately 1:4 in clinical
studies (Martin, 2024). In contrast, community or population studies suggest this
ratio is closer to 2:1, highlighting the fact that diagnoses among women may be
missed in many clinical settings (Martin, 2024). Indeed, girls with ADHD are not as
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readily identified by parents and teachers, in part due to differences in symptomatol-
ogy (Staller & Faraone, 2000).

Relative to childhood, the prevalence of ADHD in adulthood decreases with age
(Song et al., 2021). This is the case of those with symptomatic adult ADHD, as well
as those with a childhood onset. Recent systematic review and meta-analysis
reported a prevalence of 6.76% in symptomatic adult ADHD and 2.58% of persis-
tent adult ADHD (Song et al., 2021).

Risk Factors

While ADHD is less common among females than males, there are no differences
in familial risk patterns between boys and girls (Nussbaum, 2012; Staller & Faraone,
2006). There are also no known gender differences in the genetic factors thought to
be implicated in ADHD (Martin, 2024), although some research has suggested the
possible explanation of an overexpression of Y-linked genes (see Greven et al.,
2018). Relatedly, females with a single X chromosome (i.e., Turner syndrome) are
at a higher risk for ADHD, suggesting that the additional X chromosome in females
could be a protective factor against ADHD (Carucci et al., 2023). To this end,
Klinefelter syndrome, in which males carry an extra X chromosome (XXY), is asso-
ciated with higher rates of ADHD, specifically the ADHD inattentive subtype
(Carucci et al., 2023). This finding is similar to what is observed among women and
may suggest that the number of X chromosomes could also be related to the gender
differences seen in ADHD (Carucci et al., 2023).

Regarding neuroanatomical differences, there is yet to be a clear consensus in
terms of gender differences. Despite this, atypical development of many brain struc-
tures, including the prefrontal cortex, amygdala, caudate, putamen, globus pallidus,
and cerebellum are well documented (e.g., Carucci et al., 2023). Both structural and
functional studies suggest cortical and subcortical differences between girls and
boys (see Carucci et al., 2023); however, majority of studies have relied on male
participants and thus limit the conclusions that can be drawn.

Children with ADHD show difficulties with social, academic, adaptive, and
behavioral functioning, with a number of meaningful gender differences (Carucci
et al., 2023). Specifically, boys with ADHD are more likely to experience comorbid
externalizing disorders, tic disorder, and difficulties with language, learning, and/or
motor development, while girls are at a higher risk for internalizing symptoms and
eating disorders (Greven et al., 2018). Studies are mixed regarding whether comor-
bid autism spectrum disorder and/or ID are less common in males vs. males, with
some studies suggesting this to occur at lower rates in girls (Greven et al., 2018),
and others suggesting it occurs at higher rates in girls (Ottosen et al., 2019). There
is also variability in risk factors across the lifespan. For example, substance use
disorders impact females and males at equal rates during childhood, but this may be
of greater risk for males with ADHD during adulthood (Greven et al., 2018).
Notably, these findings should be interpreted with a degree of caution, as it is not
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clear the extent to which ADHD poses additional risk for psychiatric comorbidity
beyond gender alone, as many studies do not include sex-specific comparisons
between clinical and control groups (Greven et al., 2018). In addition, oppositional
defiant disorder and conduct disorder are more common in children with ADHD,
while mood and anxiety disorders, and antisocial personality disorders are more
common in adolescence and adulthood (Carucci et al., 2023). Adults with ADHD
also show a higher risk of suicidal behavior, particularly those with comorbid psy-
chiatric conditions (Carucci et al., 2023).

Symptom Presentation

Girls with ADHD show higher rates of the inattentive subtype compared to boys and
are usually less hyperactive (Martin, 2024; Nussbaum, 2012). Indeed, boys are
more prone to experiencing symptoms of hyperactivity and impulsivity, and more
often meet criteria for all ADHD subtypes (Greven et al., 2018). In part because of
the behavioral differences that accompany the latter, girls often receive a diagnosis
of ADHD later than boys and are less likely to be prescribed medication for ADHD
symptomatology (Martin, 2024).

Both boys and girls with ADHD experience neurocognitive difficulties relative to
controls. Indeed, compared to controls, boys and girls with ADHD show differences
in intellectual abilities, achievement, reaction time, vigilance, working memory, and
many aspects of executive function (Pievsky & McGrath, 2018). There is significant
heterogeneity in the neuropsychological profile of ADHD, and the presence of
comorbid neurodevelopmental or psychiatric conditions must always be consid-
ered. Temporal processing deficits (including motor timing, perceptual timing, and
temporal predication) tend to be a consistent area of concern among individuals
with ADHD (Carucci et al., 2023), and may subsequently have downstream effects
on other neurocognitive domains.

Some studies have suggested sex-specific differences across neurocognitive
domains, but these findings overall are inconclusive, with even some contradictory
findings reported in the literature (Greven et al., 2018). However, studies find that
females with ADHD may show poorer working memory, vocabulary, and visual
spatial skills relative to boys with ADHD, while boys show more impulsive errors,
slower processing speed, and more motor functioning deficits (Carucci et al., 2023).
Performance on the continuous performance test (CPT) shows greater commission
errors among boys and no differences in rates of omission errors (Carucci
et al., 2023).

Boys and girls with ADHD can experience difficulties with social functioning
and peer relationships. The presentation of these difficulties differs between boys
and girls; boys can become more aggressive with peers, while girls are usually more
verbally aggressive and have a tendency toward relational aggression (Carucci
etal., 2023). Girls with ADHD are also at an increased risk of being bullied, whereas
boys are more likely to bully others (Carucci et al., 2023).
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Diagnosis and Prognosis

As a result of many of the symptom differences between males and females, diag-
nosis of ADHD among girls tends to be more difficult than for boys. Indeed, ADHD
is diagnosed 3—16 times more frequently in males compared to females during the
childhood years; however, these findings level off and become more similar by
adulthood (Babinski, 2024; Martin, 2024). Given this striking difference, concerns
about the appropriateness of the ADHD diagnostic criteria for girls as a group have
been raised. Girls tend to present with lower symptom counts on rating scales and
lab measures compared to boys (e.g., Carucci et al., 2023; Nussbaum, 2012). As a
result, for girls to be identified as meeting threshold for ADHD, they need to present
with significantly more attention symptoms when compared with female peers than
do males when compared with male peers (Nussbaum, 2012). This puts girls at risk
for being missed and not receiving a diagnosis and subsequent treatment, which has
led to suggestions for a “corrected” criterion that would include gender-specific
thresholds (McGee & Feehan, 1991).

The symptom presentation of girls also tends to be better tolerated by parents and
teachers since girls are less likely to show problematic or disruptive behaviors
(Carucci et al., 2023). Thus, it is often the case that girls are only diagnosed when
their ADHD presentation is quite severe, and/or when they experience a clinically
concerning comorbid condition (e.g., anxiety and depression; Carucci et al., 2023),
which may be secondary to untreated ADHD.

Perhaps because of a later and more difficult diagnostic process, girls with
ADHD are therefore less likely to be prescribed ADHD medication (Martin et al.,
2023), despite the known effectiveness of pharmacotherapy as a first-line treatment
in ADHD (Kok et al., 2020). This finding shifts in adulthood, such that there are no
gender differences in the frequency of pharmacotherapy among adults with ADHD
(Kok et al., 2020). Possible gender differences related to pharmacological interven-
tion have been suggested, with at least one review finding that atomoxetine may be
more promising for girls and women with ADHD than a single daily use of methyl-
phenidate (Kok et al., 2020). Further research in this area is needed, however.

Possibly secondary to a later diagnosis and/or treatment, there are a number of
areas in adulthood in which women tend to be more adversely affected than men
(Faheem et al., 2022). For example, a number of studies have found that women are
more impaired in social functioning, adaptive functioning, and stress management
in adulthood compared to men (Faheem et al., 2022). These results are not necessar-
ily consistent across studies and many studies have also found that both men and
women with ADHD show equal rates of impairment in these areas, as well as in
educational outcomes (Faheem et al., 2022). However, in one recent longitudinal
study, relative to a control group of girls without ADHD, girls with ADHD were
found to be at a higher risk of poorer outcomes over a 16-year period (Owens et al.,
2017). By their mid-20s, girls with a history of childhood ADHD were more likely
to experience internalizing/externalizing problems, self-injury, poorer educational
achievement and occupational attainment, health problems, and social problems
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(Owens et al., 2017). Interestingly, a small subset of these girls experienced
childhood-limited ADHD and were not at risk for the extent of problems in adult-
hood that was found among the girls with more persistent ADHD symptoms,
although, some differences were still found among this group relative to controls
(Owens et al., 2017).

Autism Spectrum Disorder (ASD)

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized
by social communication difficulties (i.e., reduced social-emotional reciprocity,
impaired nonverbal communicative behaviors, and difficulty with developing or
understanding relationships) and the presence of restricted interests and repetitive
behaviors (RRBs; e.g., repetitive motor movements, having an inflexible adherence
to routines, having intense and fixated interests, or experiencing sensory sensitivi-
ties/interests) (American Psychiatric Association, 2013). The DSM-5 (American
Psychiatric Association, 2013) indicates that the “symptoms must be present in the
early developmental period (but may not become fully manifest until social demands
exceed limited capacities, or may be masked by learned strategies in later life)”
(p. 50). It is also necessary that the “symptoms cause clinically significant impair-
ment in social, occupational, or other important areas of current functioning” (p. 50)
and cannot be explained by intellectual disability or global developmental delay.

Below we offer details on gender differences in ASD, which has been an area of
growing clinical and research focus given the vast discrepancy in age of diagnosis,
presenting symptoms, and genetic architecture between autistic individuals assigned
male versus female at birth. Of note, throughout this chapter both identity-first and
person-first language are used to incorporate the varied preferences of autism termi-
nology among the autism stakeholder community.

Prevalence Rates

At present, approximately 1 in 36 individuals under the age of 8 years meets diag-
nostic criteria for ASD (Maenner, 2023), according to the Center for Disease Control
(CDC). The prevalence of ASD has increased dramatically over the past few
decades. In the 1990s, the rate was about 1 in 1000 children, which rose to approxi-
mately 1 in 100 by 2010. By 2018, ASD had become the second most common
psychiatric condition among children, affecting around 2.7% of boys and 1.7% of
all 8-year-olds. Recent data from the Autism and Developmental Disabilities
Monitoring (ADDM) Network in 2020 suggests an even higher prevalence, with
1 in 36 children aged 8 years being diagnosed (Maenner, 2023). The diagnostic gap
between boys and girls has also narrowed, with about 4% of boys and 1% of girls
being identified, indicating an increased recognition of ASD in girls (Maenner, 2023).
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ASD diagnostic estimates show a male-to-female ratio ranging from 3:1 to 4:1
(Loomes et al., 2017; Maenner, 2023; Posserud et al., 2021). While the CDC reports
a 4:1 ratio, a rigorous meta-analysis from 54 studies highlights that the male-to-
female ratio in ASD is closer to 3:1 (Loomes et al., 2017). Moreover, in Norway, the
ratio varies by age and comorbidities (e.g., intellectual disability and ADHD), with
2.57:1 in adults and 3.67:1 in adolescents (Posserud et al., 2021). The gap widens in
verbally fluent individuals or those with higher cognitive abilities, reaching up to
7:1 (Fombonne, 2003). These differences highlight potential sex-related genetic
effects on ASD symptoms. Notably, a meta-analysis revealed that ID affects ASD
symptomatology. Specifically, all females with ASD with or without ID generally
display fewer restricted interests and repetitive behaviors than their male counter-
parts. Conversely, relative to their male counterparts, females with ASD who do not
have an ID exhibit better social communication skills (Saure et al., 2023) while
females with ASD also with ID experience more social communication
difficulties.

Risk Factors

Numerous theories have been proposed to explain the gender disparity in ASD. The
female protective effect posits that females need a greater genetic or neurological
impact to show ASD symptoms compared to males (Hull et al., 2020; Lai et al.,
2015). Studies indicate that females with ASD often have higher rates of intellectual
and comorbid difficulties and more copy number variants than males (Sebat et al.,
2007; Wigdor et al., 2022). Additionally, females in the top percentile for ASD traits
exhibit greater symptom severity, suggesting a higher genetic load in families with
a female with ASD (Robinson et al., 2013). This implies that females may be more
resistant to developing ASD.

Proposed by Baron-Cohen (2002), the extreme male brain theory suggests that
ASD represents an exaggerated form of the male brain, characterized by strengths
in pattern recognition and weaknesses in social intelligence. It links fetal testoster-
one to brain development and ASD traits. However, the theory is criticized for rein-
forcing harmful stereotypes, oversimplifying gender differences, and failing to
capture the complexity of the ASD phenotype (Botha et al., 2022; Ridley, 2019;
Joel, 2021; Sanderson, 2021; Santos et al., 2022; van Eijk & Zietsch, 2021;
Whitehouse, 2016).

The gender incoherence theory suggests that males with ASD display female
traits, while females with ASD exhibit male traits (Bejerot et al., 2012). Some brain
imaging studies support this by showing neural patterns in ASD individuals that
resemble those of the opposite gender (Deng & Wang, 2021; Floris et al., 2018; Lee
et al., 2020; Smith et al., 2019). However, other studies challenge this theory, indi-
cating it may not fully explain the observed gender differences in ASD (Olson
et al., 2020).
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Table 2.2 Key findings for neuropsychological performance in autism spectrum disorder

Domain Key takeaways

Development, cognitive, Females with ASD often show more impairment in daily living

and adaptive functioning | skills. Mixed findings on gender differences in cognitive abilities

Executive functioning Parent reports suggest greater impairments in girls, while
self-reports show no gender differences. Females outperform males
in some standardized tasks

Language Females often show better narrative competence and pragmatic
language skills. Language gaps between sexes tend to close over
time

Visual perception and Some studies show higher visual reception scores in girls. Females

visual attention may exhibit social attention patterns similar to non-autistic peers

Theory of mind and social | No significant gender differences in theory of mind. Males show
cognition lower empathy levels. Females may have slightly stronger social
cognitive skills

Memory Females recall more details about autobiographical and emotional
memories. Neural correlates during memory tasks vary by gender

Sensori-motor Males with ASD often show worse motor skills compared to
controls. Females may outperform males in fine motor skills but
not gross motor skills

Note. ASD autism spectrum disorder

Finally, and a highly prevalent theory, camouflaging theory proposes that females
with ASD can imitate non-autistic behaviors, resulting in a more concealed expres-
sion of their ASD traits (Hull et al., 2017). Research shows that females with ASD
often report higher levels of symptoms than what clinical assessments reveal, likely
due to behaviors such as linguistic masking, reduced stimming, and increased eye
contact (Lai et al., 2017; Parish-Morris et al., 2017). This may lead to underdiagno-
sis in females. However, camouflaging is also associated with increased anxiety and
depression (Cook et al., 2021; Tubio-Fungueirifio et al., 2021). A meta-analysis
supports the notion that ASD traits are both less expressed and less perceived in
females (Chen et al., 2020). Camouflaging is very common in adults with ASD and
is an area of enormous clinical relevance for neuropsychologists and clinicians to
consider in their diagnostic process.

Symptom Presentation

As noted earlier, ASD is highly heterogeneous, and its symptoms and severity vary
widely among individuals. This variability complicates clinical diagnosis and treat-
ment, as well as research efforts to delineate a consistent symptom profile. As a
result, clinicians should tailor their approaches to each person’s unique needs for
best practice, while researchers face challenges in identifying common mechanisms
and effective interventions due to the diverse presentation. Additionally, symptoms
can differ significantly between males and females, further adding to the
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complexity. As such, research is ongoing, and the following review highlights past
and current efforts to characterize ASD traits and the corresponding neuropsycho-
logical profiles across sexes.

Core Symptoms

There is a recent growing body of literature that aims to disentangle the sex/gender
differences of the core features of autism and the neuropsychological profile; how-
ever, there is substantial variability. Overall, higher functioning females with ASD
tend to have camouflaged/masked symptoms, with compensatory peer behaviors
such as physical proximity, and fewer or more socially appropriate RRBs (Bitsika
et al., 2018; Dean et al., 2017; Frazier et al., 2014; Hartley & Sikora, 2009; Lai
et al., 2019; Osdrio et al., 2021; Postorino et al., 2015; Ros-Demarize et al., 2020;
Schuck et al., 2019). Specifically, relative to males with ASD, females with ASD
demonstrate either better or greater difficulty in social communication when using
gold-standard clinical assessments (ADOS, ADI-R), with findings differing by age
(Beggiato et al., 2017; Frazier et al., 2014; Lawson et al., 2018; Postorino et al.,
2015; Tillmann et al., 2018). Females with ASD similarly show comparable or
greater impairments in social communication on parent-rating scales and clinical
observation screeners, with different developmental trajectories (Backer van
Ommeren et al., 2017; Fulton et al., 2017; Grove et al., 2017; Head et al., 2014;
Kaat et al., 2021; Nishimura et al., 2023; Rodgers et al., 2019; Ros-Demarize et al.,
2020), as well as better play-based and friendship skills particularly in older chil-
dren due to camouflaging (Dean et al., 2017; Lai et al., 2019; Schuck et al., 2019).
In terms of RRBs, females with autism tend to have more socially appropriate cir-
cumscribed interests relative to males with ASD, which tend to also vary across
development (Antezana et al., 2019; McFayden et al., 2019; Nowell et al., 2019;
Tillmann et al., 2018). As such, understanding and clarifying gender differences in
ASD symptoms is crucial for improving early diagnosis and customizing both
assessment tools and treatment strategies.

Internalizing Symptoms

Research on gender differences in mood and anxiety comorbidities in ASD shows
mixed results. Many studies find no significant differences between males and
females (Frazier et al., 2014; Park et al., 2012; Postorino et al., 2015; Simonoff
et al., 2008; Solomon et al., 2012). However, some studies suggest subtle differ-
ences, particularly during school-age and adolescence. For instance, autistic girls
may exhibit greater anxious/depressed affect as toddlers (Hartley & Sikora, 2009),
but lower anxiety as preschoolers (Prosperi et al., 2021). Subsequently, school-age
girls exhibit higher rates of specific phobia (Gadow et al., 2005), and adolescent
females with ASD frequently experience more severe depression, anxiety, and self-
harm concerns than their male counterparts. Large cohort studies also suggest that
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autistic females are more prone to mood or anxiety disorders and psychiatric hospi-
talizations compared to males in general.

Externalizing Symptoms

ADHD (Arnett et al., 2015; Biederman et al., 2002; Loyer Carbonneau et al., 2021;
Rucklidge, 2010) and oppositional-defiant disorder (ODD) (Rynkiewicz & Lucka,
2018) occur at higher rates among males with ASD versus females. Interestingly,
parents report no differences in externalizing symptoms during toddlerhood via
standardized questionnaires (Hartley & Sikora, 2009), but greater externalizing
symptoms in school-age among girls versus boys with ASD (Frazier et al., 2014;
Holtmann et al., 2007; Mandy et al., 2012).

Neuropsychological Domains (Table 2.2)

Development, Cognitive, and Adaptive Functioning ASD is highly heteroge-
neous, with varying intellectual and neuropsychological abilities, and many indi-
viduals have comorbid intellectual disability (Lai et al., 2015). Females with ASD
may be more readily identified when they have intellectual disability, as significant
difficulties with daily living prompt clinical treatment (Lai et al., 2015). Among
those without intellectual disability, gender differences in cognitive domains have
been reported, such as faster processing speed in girls with ASD compared to boys
(Koyama et al., 2009), and a greater verbal-nonverbal cognitive split in boys
(Ankenman et al., 2014). However, some studies found no gender differences in
cognition (Duvall et al., 2020; Hartley & Sikora, 2009; Reinhardt et al., 2015).
Developmentally, females initially show lower cognitive abilities but greater gains
over time (Postorino et al., 2015). Adaptive skills are generally more impaired in
females with ASD, particularly in daily living skills (Frazier et al., 2014; Ratto
et al., 2018; White et al., 2017), although some studies found no gender differences
(Reinhardt et al., 2015). The gap between IQ and adaptive abilities is similar
between autistic males and females but larger compared to non-autistic individuals
(McQuaid et al., 2022).

Executive Functioning Studies examining executive functioning in males and
females with ASD show mixed results, varying by assessment method. Parent
reports indicate greater executive function impairments in school-aged girls with
ASD than boys (White et al., 2017), while self-reports show no gender differences
in adolescents and adults (Demetriou et al., 2021). Parent-reported executive func-
tions were linked to social reciprocity in females with ASD but not males with ASD
(Torske et al., 2023). Neuropsychological assessment reveals no gender differences
in mental rotation tasks in adults with ASD, although underlying neural circuitry
differs between sexes (Beacher et al., 2012; Rohde et al., 2018). In working memory
tasks, females with ASD produced longer digit sequences, while males excelled in
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letter-number sequencing (Kiep & Spek, 2017). School-aged autistic girls without
IDs performed worse than boys on response inhibition and planning tasks (Lemon
et al., 2011; Nyden et al., 2000), though other studies found no gender differences
in planning (Bolte et al., 2011; Kiep & Spek, 2017). Finally, adolescent females
with ASD outperformed males in set-shifting tasks (Bolte et al., 2011; Kiep &
Spek, 2017).

Language Empirical studies on language in ASD also reveal mixed findings—
some report lower language skills in females compared to males (Carter et al., 2007;
Holtmann et al., 2007), while others find that high-IQ females have fewer social-
communicative impairments (Lai et al., 2011). In storytelling, girls demonstrate
better narrative competence, using more cognitive devices (Boorse et al., 2019).
Conversational studies show females use more words and social language, while
males use more fillers (Cho et al., 2023; Cola et al., 2022; Kauschke et al., 2016).
Overall, females with ASD tend to exhibit stronger pragmatic language skills than
males (den Hartog et al., 2023). Additionally, autobiographical memory studies sug-
gest higher verbal fluency in females (Goddard et al., 2014). Some review studies
similarly indicate that males with ASD have a higher prevalence of speech and
language conditions (Adani & Cepanec, 2019). In ASD, despite initial differences,
language gaps between sexes tend to close over time (Carter et al., 2007; Postorino
et al., 2015).

Visual Perception and Visual Attention Visual processing and attention in ASD
similarly present complex patterns, with limited understanding in females. While
studies using the Mullen Scale of Early Learning find no visual reception differ-
ences (Duvall et al., 2020; Reinhardt et al., 2015), Carter et al. (2007) report higher
scores in preschool girls with ASD. High-risk infant girls display increased atten-
tion to social stimuli, potentially mitigating ASD symptoms and perhaps contribut-
ing to camouflaging behaviors (Chawarska et al., 2016). Likewise, females with SD
exhibit social attention visual patterns similarly to their non-autistic peers, which is
in contrast to the reduced social attention observed in males with ASD (Harrop
et al., 2018a, 2018b, 2020).

Theory of Mind and Social Cognition Theory of mind deficits are prevalent in
ASD (Baron-Cohen et al., 2001). While no significant gender differences are noted
in theory of mind abilities in ASD (Lai et al., 2012), males with ASD exhibit lower
empathy levels compared to females (Auyeung et al., 2009; Baron-Cohen &
Wheelwright, 2004). Females with ASD may possess slightly stronger social cogni-
tive skills than males with ASD (Corbett et al., 2021).

Memory Very few studies have investigated memory differences between males
and females with ASD. Goddard et al. (2014) found that males with ASD had more
difficulty retrieving specific autobiographical memories compared to male controls,
while females with and without ASD recalled more details about autobiographical
and emotional memories.
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Sensori-Motor Autistic individuals often display motor deficits (Fournier et al.,
2010; Green et al., 2009; Jansiewicz et al., 2006; Mari et al., 2003; Pan et al., 2009),
yet research on gender differences in motor function is limited. A large SPARK
study found that males with ASD plateau in development by around the age of
7 years, while females plateau earlier but show increased growth by the age of
13 years (Bhat, 2020). Lai et al. (2012) noted that males with ASD performed worse
on motor tasks than controls, while females with ASD showed no significant differ-
ences from female controls. Motor development scores in male preschoolers with
ASD were reported to be better than in females (Carter et al., 2007), although other
studies found that females outperformed males in fine motor skills (Craig et al.,
2020; Zwaigenbaum et al., 2012). Finally, gross motor skills were found to be stron-
ger among males with ASD than females (Craig et al., 2020).

Diagnosis and Prognosis

Detecting and intervening early is crucial for improving outcomes in individuals
with ASD (Corsello, 2005; Rogers, 1996). Although a diagnosis can be made as
young as 2 years (Lord, 1995), and instances of early identification have risen in
recent years (Hertz-Picciotto & Delwiche, 2009), there are significant disparities in
diagnosis age across different demographic groups and sexes. To ensure accurate
diagnosis, comprehensive clinical evaluations that encompass various assessment
domains are recommended as best practices for identifying ASD (Huerta & Lord,
2012). Such evaluations typically consist of detailed clinical, developmental, and
medical interviews, along with questionnaires from multiple informants. Critically,
gold-standard clinical-behavioral assessments targeting ASD symptoms, including
the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000; Lord et al.,
2012) and the Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994), are
utilized.

However, the ADOS and/or ADI-R may exhibit reduced sensitivity in identifying
ASD symptoms in females compared to males (Bitsika et al., 2018; Rynkiewicz &
Lucka, 2018). The reported gender disparity in ASD prevalence has led to an under-
representation of females in research studies, potentially generating a male bias in
understanding and assessing the disorder. Studies indicate diagnostic tools like the
ADOS-2 and ADI-R may exhibit differences in scoring males and females, espe-
cially those with high cognitive abilities (Kaat et al., 2021; Kalb et al., 2022; Ratto
et al., 2018). Population-based studies suggest lower gender ratio differences com-
pared to clinic-based studies, possibly due to biases in assessment and diagnosis or
greater likelihood of females with co-occurring conditions seeking treatment. As a
result, females with ASD are more likely to be misdiagnosed, and more likely to
have a delay in diagnosis compared to males with ASD (McDonnell et al., 2021;
McQuaid et al., 2022; Rutherford et al., 2016).
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Conclusions

In general, females tend to fair better in terms of prevalence and severity of presen-
tations in neurodevelopmental disorders. Examination for gender differences in
diagnosis, symptom presentation, and prognosis has been limited in many neurode-
velopmental populations with recent research most notably in autism spectrum dis-
orders and attention deficit hyperactivity disorder have highlighted important
differences in phenotypic presentations and neuropsychological profiles. Historical
ascertainment biases in research examining neurodevelopmental disorders have
hindered our understanding and ability to appropriately define and diagnose these
presentations in females. Continued examination of gender differences in neurode-
velopmental disorders in imperative to better characterize, diagnoses, and support
females with neurodevelopmental disorders and improve outcomes for women
across the lifespan.

Research Takeaways

ID/IDD

» There is very limited research looking at gender differences in terms of presenta-
tion and long-term outcomes in the IDD population beyond syndromic profiles
(e.g., Rett syndrome). Future research should examine gender-based
differences.

» There is also limited reporting on gender differences in rates or outcomes across
racial and ethnic groups which is an important consideration when thinking
about intersectionality.

* Research is complicated by the heterogeneity of this population and method-
ological challenges with regard to how ID/IDD is defined.

* Gender differences have been identified in terms of comorbid psychiatric presen-
tations, but this research has not yet expanded to explore gender differences in
treatment response for these psychiatric presentations. Expanding research in
this area would greatly inform clinical care.

* While there is some data on postsecondary education and vocational outcomes in
ID, this has not thoroughly examined by gender and there is limited understand-
ing of protective factors for young adults with ID.
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Learning Disorders

* Due to ascertainment biases as well as higher prevalence rates of reading disor-
ders in males as compared to females, much of the research in reading LD has
focused more on males.

* Research examining dyslexia or reading disorders in females does not yet have
sufficient replication with regard to recruitment of differing neuroanatomy.

» Research needs to be expanded to determine whether there are female/male phe-
notypes and understand what implication this has in terms of response to
intervention.

» Research is very limited in specific learning disorders with impairment in math-
ematics and written expression. Research to understand population base and
prevalence rates in these disorders when using consistent definitions with regard
to these diagnoses is warranted.

— Addressing this dearth of research across genders would then allow for a more
thorough examination of gender-based prevalence rates and gender differ-
ences in presentation as well as etiology in these SLDs.

» Research in sex-based differences in response to intervention is essential. Given
the report of poorer response to intervention for women in one study, it is impera-
tive that this be further evaluated to clarify this differential response. If this
finding is replicated, it is important to understand whether this difference is
related to greater preponderance of males in dyslexia and intervention research
biasing this intervention. Differential intervention approaches should be explored
to assess and identify evidence-based interventions to address LDs across
presentations.

ADHD

* More research examining sex-specific differences related to ADHD is necessary,
with more direct comparisons of male ADHD cases with male controls and
female ADHD cases with female controls.

¢ Research focused on females with ADHD remains warranted across domains
(e.g., diagnosis, treatment, etiology, related correlates).

ASD

» Existing research on gender differences in ASD highlights areas of divergence
and overlap across various neuropsychological domains.
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* Findings remain largely inconclusive due to the disorder’s inherent heterogeneity
and variations in research methodologies, such as inconsistent comparison
groups and sample sizes.

* Methodological differences contribute to observed disparities in ASD symptom-
atology between sexes (Van Wijngaarden-Cremers et al., 2014).

* There is no research on sex-based differences across different ethnic and cultural
groups, where socioeconomic and cultural factors have been shown to influence
ASD detection and diagnosis.

* Research has demonstrated disparities among racial and ethnic minorities
(Elsabbagh et al., 2012; Maenner, 2023), which may stem from differences in
symptom reporting, clinician biases, and healthcare access.

* Findings highlight the urgent need for more equitable diagnostic practices
(Fiscella et al., 2000; Hertz-Picciotto & Delwiche, 2009; Mandell et al., 2007).

* Future research on gender differences in ASD should address several key
limitations:

— Given the behavioral definition of ASD, diagnostic criteria should be adjusted
to account for sex-specific differences, necessitating a clearer characterization
of autistic females. Employ less biased instrumentation and incorporate vari-
ous assessment methods.

— Population-based studies can elucidate diagnostic challenges and compensa-
tory mechanisms in females.

— Understanding protective factors unique to autistic females may refine screen-
ing tools and treatment strategies.

— Cross-cultural investigations are needed to untangle biological and cultural
influences on ASD and sex.

— Redefining ASD to accommodate sex-specific variations and exploring unique
symptom clusters in females are crucial for a comprehensive understanding of
the disorder’s heterogeneity in addition to informing targets of intervention
for autistic females.

Clinical Takeaways

ID/IDD

* Females with intellectual disability have high rates of comorbid medical, psychi-
atric, and neurodevelopmental disorders that increase risk of poor outcomes as
they transition to adulthood.

e It is imperative for psychologists to provide comprehensive evaluations given
increased risk of co-morbid diagnoses in women.

» To appropriately support the needs of this population, the assessment and recom-
mendations should go beyond cognitive functioning and include interview and
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associated related to access to the medical system, co-morbid psychiatric condi-
tions, and current health behaviors to understand multiple levels of need.

* Recommendations provided to families should address the cognitive presenta-
tion as well as provide psychoeducation and recommendations related to physi-
cal activity, health, access to medical care, and access to social services and
vocational services.

* Clinicians working with children and adults with ID should be integrating devel-
opmentally appropriate, trauma informed care given the rates of abuse in this
population.

— Safety interviewing as well as interviewing about past trauma should be a part
of all diagnostic interviews and intakes given the impact that trauma can have
on psychosocial and cognitive presentations.

— Providers should be prepared to provide parents with appropriate resources
for gender education and encourage families to start introducing these topics
at the same age as typically developing peers at a level that is accessible for
the child, teen, or young adult.

Learning Disorders

* Research has identified gender differences in prevalence rates in reading LD.

* Providers should be aware of documented differences in rates of identification of
girls with LDs based on teacher report or school emphasizing the importance of
gathering information from multiple informants.

* Girls tend to be identified at higher rates across LDs when standardized assess-
ments are utilized.

* Thorough interviewing around the development of early language, phonological
processing, and motor skills is an important piece of identify risk factors associ-
ated with higher rates of both reading and math LDs.

* Given rates of comorbid diagnosis for children and adults with LDs, it is impor-
tant to integrate diagnostic evaluations and screenings that include assessment of
externalizing and internalizing symptoms as well as ADHD screens. Early
ADHD and inattentive symptoms have led to earlier identification of girls with
LDs, but the comorbidity also raises concerns about poorer outcomes thus neces-
sitating efficient access to appropriate intervention services following
identification.

* Women with LDs have higher rates of internalizing symptoms as well as higher
rates of math anxiety. Thorough evaluation of potential psychiatric symptoms or
comorbidity when completing LD evaluations should be standard practice with
efficient referral for appropriate interventions to target comorbid symptomatol-
ogy is important to minimize the bidirectional impact of these symptoms on
academic performance.
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ADHD

Sex differences play an important role in ADHD.

ADHD is diagnosed at higher rates among boys, although this is likely a result of
diagnostic bias (Carucci et al., 2023), a fact that should be considered in clinical
evaluations of girls.

The diagnostic criteria is largely informed by the presentation of boys with
ADHD (and not girls).

Girls with ADHD are more likely to show inattentive symptoms. Perhaps sec-
ondary to misdiagnosis, girls are at a higher risk for experiencing comorbid inter-
nalizing disorders, while boys are more likely to show externalizing
symptomatology.

Significant individual variability exists related to the neuropsychological pheno-
type associated with ADHD, with many factors contributing to these individual
differences.

Sex differences shift over the course of development, such that important differ-
ences in childhood may equalize by adulthood. Despite this, there may be
emerging evidence to suggest that women have more difficulties in social and
adaptive functioning in adulthood relative to men, which could be secondary to
missed opportunities for intervention in childhood.

Pharmacological and behavioral interventions are known to be effective among
individuals with ADHD, but further review is needed to determine whether spe-
cific treatments may be better suited for females relative to males (Kok
et al., 2020).

ASD

Autistic females are more likely to be misdiagnosed and experience delays in
diagnosis compared to autistic males.

A comprehensive evaluation that applies a multi-method approach, such as using
a combination of questionnaires, behavioral assessments, and diagnostic inter-
views, can help to capture the full spectrum of behaviors and traits (especially
those that may be masked or camouflaged in females).

Given the substantial variability in neuropsychological findings between autistic
males and females, it is crucial to understand areas of strengths and weaknesses
at an individual level.

Tailoring assessments to the unique profile of each patient can lead to more accu-
rate diagnoses (and subsequently more effective targets for intervention).
Applying existing theories such as the female protective effect and camouflaging
can provide valuable insights into the female autistic phenotype. Understanding
these theories can inform both diagnosis and intervention strategies, helping cli-
nicians to recognize subtler manifestations of ASD in females.
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* Females with ASD may exhibit more socially appropriate restricted interests and
may engage in camouflaging behaviors which can be easily overlooked in struc-
tured clinical settings. As such, behavioral observations in naturalistic settings
can provide rich clinical information to inform diagnoses.

* Incorporating reports from multiple informants, including parents and teachers,
is essential to gain a comprehensive understanding of the child’s behavior across
different contexts. These reports can provide valuable insights into social com-
munication difficulties and repetitive behaviors that may not be evident during
clinical assessments, particularly among females.

* Clinicians may also consider the developmental trajectories of ASD symptoms,
which differ between males and females (e.g., females may initially show lower
cognitive abilities but exhibit greater gains over time). An understanding of these
trajectories can aid in early identification.

* Comorbid conditions such as anxiety, depression, and ADHD, which present dif-
ferently in females with ASD, are also important considerations as they can
obscure the core ASD symptomatology.

* Recognizing the influence of cultural and socioeconomic factors on ASD detec-
tion and diagnosis is also crucial. Clinicians should be aware of potential biases
and disparities in healthcare access that may affect the diagnostic process for
females from diverse backgrounds.

* Ongoing training and increased awareness among clinicians about the latest
research and best practices for diagnosing and treating autistic females can lead
to more accurate diagnoses and better-targeted interventions.
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Chapter 3 )
Stroke and Vascular Dementia Creck o

Asish Gulati and Cheryl Bushnell

Introduction

Stroke is a leading cause of death and disability within the United States and world-
wide. Annually, approximately 15 million people suffer a stroke worldwide, of
which more than 795,000 occur within the United States (CDC, 2024c; World
Health Organization, 2024). Approximately half of the individuals affected by
stroke are women (Yoon & Bushnell, 2023). Stroke is often the first presentation of
cardiovascular disease in women, while men most often present with coronary
artery disease (Rexrode et al., 2022). Although prevalence is similar between sexes,
women are disproportionately affected by stroke with a higher total lifetime risk of
stroke and poorer stroke outcomes than men (Yoon & Bushnell, 2023). Understanding
and identifying cardiovascular disease in women is particularly important because
it often presents differently than in men, leading to misdiagnosis and delayed treat-
ment; by recognizing these unique patterns, we can improve prevention strategies,
enhance care, and ultimately save lives. In this chapter, we review the types of
stroke (i.e., ischemic and hemorrhagic), and the impact that strokes have on women
worldwide, including sequelae of cognitive impairment, epilepsy, post-stroke
depression (PSD), and vascular dementia.
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Epidemiology

Stroke is the fifth leading cause of death in women with approximately 1 in 5 women
suffering a stroke annually (American Heart Association, 2024c). Globally, the life-
time risk of stroke is 25.1% in women and 24.7% in men, with a higher lifetime risk
noted in women in Eastern Europe and East Asia (Rexrode et al., 2022; Yoon &
Bushnell, 2023).

Ischemic Stroke

Within the United States, approximately 87% of strokes are due to ischemia, or loss
of blood flow to a blood vessel within the brain (John Hopkins Medicine, 2024).
The cause of ischemic stroke can be further characterized by the Trial of Org
10,172 in Acute Stroke Treatment (TOAST) criteria, which recognizes five subtypes
of ischemic stroke: (1) large-artery atherosclerosis, (2) cardioembolism, (3) small-
vessel occlusion, (4) stroke of other determined etiology, and (5) stroke of undeter-
mined etiology (Adams et al., 1993).

Though increased age has historically been associated with a higher risk of
stroke, recent studies find that young women aged 25-44 years are at a higher risk
of developing ischemic strokes than men (Leppert et al., 2020). After the age of
45 years, however, men have a higher risk of ischemic stroke than women with this
difference narrowing and becoming equivocal after the age of 75 years and even
higher in women (Leppert et al., 2020) (Table 3.1).

Hemorrhagic Stroke

Hemorrhagic strokes are caused by rupture of a blood vessel within the brain result-
ing in bleeding. When compared to ischemic strokes, hemorrhagic strokes within
the United States are rarer. While they account for only 13% of all strokes, they are

Table 3.1 Comparison of ischemic stroke risk among women and men by age

Age group Risk of ischemic stroke | Risk of ischemic

(years) (women) stroke (men) Notes

25-34 Higher Lower Young women at higher risk

35-44 Higher Lower Young women at higher risk

45-54 Similar Higher Men begin to have a higher risk

55-64 Lower Higher Men maintain higher risk

65-74 Lower Higher Men have a more significant
risk

75 and older | Higher Similar Risk increases in women;

difference narrows
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associated with a higher morbidity and mortality (Fernando et al., 2021).
Intracerebral hemorrhage (ICH) or bleeding within the brain tissue accounts for
approximately 10% of hemorrhagic stroke while aneurysmal subarachnoid hemor-
rhage (SAH) accounts for approximately 3% (Salvadori et al., 2020).

As the rates of ischemic and hemorrhagic stroke are often combined, limited data
is available regarding the exact rate of hemorrhagic stroke within women. However,
data from the Women’s Health Initiative (WHI) found that of women who presented
with a stroke, 18.7% were hemorrhagic (Wassertheil-Smoller, 2010). When com-
bined data is evaluated, there remains a trend toward lower risk of hemorrhagic
stroke among women when compared with men. A study assessing the nationwide
incidence of primary intracranial hemorrhage among 803,230 adults from 2004 to
2018 found the average incidence to be lower in women at 66.72 per 100,000 com-
pared to men at 72.6 per 100,000 over a 3-year period (Bako et al., 2022). When
assessing the overall trend over time, the incidence increased in both genders but
remained lower in women with women having an incidence of 61.31 per 100,000 in
2004-2006 increasing to 74.22 per 100,000 from 2016 to 2018, while men had an
incidence of 64.39 per 100,000 from 2004 to 2006 increasing to 83.77 per 100,000
from 2016 to 2018 (Bako et al., 2022).

When separated by race and ethnicity, the average incidence rate per 100,000
was higher in non-Hispanic/Latinx Black/African Americans at 103.41 followed by
non-Hispanic/Latinx Whites at 68.71, Asian Americans at 66.47, and Hispanic/
Latinx at 47.35 (Bako et al., 2022). Similarly, several other studies have found a
higher risk of intracerebral hemorrhage among Black/African American and
Hispanic/Latinx patients when compared to White patients (Broderick et al., 1992;
Brott et al., 1986; Bruno et al., 1996; Flaherty et al., 2006; Morgenstern et al., 2004).

While the overall prevalence of hemorrhagic stroke is lower in women than in
men, women have a higher prevalence and incidence of intracranial aneurysms
leading to a higher incidence of subarachnoid hemorrhage when compared to men
(Rexrode et al., 2022). Notably, the increased rates of aneurysm formation and rup-
ture is thought to be directly correlated with a decrease in estrogen level after meno-
pause (Fuentes et al., 2022; Yoon & Bushnell, 2023).

Risk Factors

The most common modifiable risk factors for ischemic stroke include hypertension,
diabetes, dyslipidemia, tobacco use, diet, physical inactivity, obesity, excessive
alcohol consumption, cardiac disease, and the ratio of apolipoprotein B to Al.
Similarly, the most common modifiable risk factors for hemorrhagic stroke include
hypertension, tobacco use, excessive alcohol consumption, obesity, and diet. Several
of these risk factors can be summed up into Life’s Essential 8, eight key elements
defined by the American Heart Association that can be adapted to improve and
maintain cardiovascular health. These elements include the following: eat better, be
more active, quit tobacco, get healthy sleep, manage weight, control cholesterol,
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Gender-Specific Risk Factors
Pregnancy
Exogenous estrogen use
-Premature/early menopause

Non-Modifiable Risk Modifiable Risk Factors
Factors Hypertension, Diabetes,
Age Hyperlipidemia
Biological sex Tobacco Use
Race and ethnicity Cardiac Disease
Genetics Excessive Alcohol Use

Diet & Exercise

Fig. 3.1 Risk factors for stroke in women, including non-modifiable, modifiable, and gender-
specific risk factors

manage blood sugar, and manage blood pressure (American Heart Association,
2024b). Non-modifiable risk factors include age, biological sex, race and ethnicity,
and genetics (O’Donnell et al., 2010). These risk factors will be discussed in more
thorough detail in the following sections, as well as the interaction between modifi-
able and non-modifiable risk factors (Fig. 3.1).

Non-Modifiable Risk Factors

Age is one of the primary non-modifiable risk factors for stroke. Stroke is com-
monly considered a disease of aging with the incidence doubling for each decade
after the age of 55 years (Roger et al., 2012). Similarly, in hemorrhagic stroke, the
incidence was found to increase after the age of 45 years (van Asch et al., 2010).
Biological sex can interact with age and also play a role in the risk of stroke. At
younger ages, women have a higher risk of stroke compared to men. The higher
stroke risk at younger age is likely due to women-specific risk factors, which we
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will discuss in more detail later. At an older age, the difference between the risk of
stroke among both genders narrows. However, overall a higher number of strokes
occur in women due to their longer lifespan when compared to men (Reeves et al.,
2009a, 2009b).

Race and ethnicity also affect stroke risk. Within the United States, the overall
prevalence of stroke in non-Hispanic/Latinx White individuals is approximately
2.3%, while the prevalence in non-Hispanic/Latinx Black/African American indi-
viduals is approximately 4.0% (Cruz-Flores et al., 2011). Non-Hispanic/Latinx
Black/African American children are also at a higher risk of ischemic stroke, most
commonly due to sickle cell disease. Black/African American stroke survivors are
more likely to have recurrent strokes and greater disability post-stroke (CDC, 2005;
Kennedy, 2005).

The overall prevalence of stroke in Hispanic/Latinx individuals is approximately
2.6% with a higher incidence among Mexican American individuals (CDC, 2007).
The incidence of transient ischemic attacks (TIA), ICH, and SAH is also higher in
Mexican Americans when compared to non-Hispanic/Latinx Whites, with this pop-
ulation also found to have a higher rate of recurrent stroke (Lisabeth et al., 2006;
Morgenstern et al., 2004). Native Americans have the highest prevalence of stroke
at approximately 6.0% (CDC, 2007). Among those aged 65 years and older, there is
a higher rate of new and recurrent stroke in Native American women compared to
men with the annual rate per 1000 being 6.1 for men and 6.6 for women (NIH,
2001). Racial-ethnic minorities also have higher rates of stroke mortality within the
United States, with the highest mortality rates in non-Hispanic/Latinx Black/African
Americans (CDC, 2005; Cruz-Flores et al., 2011). The cause of racial-ethnic dis-
parities is often multifactorial, including decreased access to care, lower socioeco-
nomic status, cultural variations in perception of the healthcare system, disadvantages
in early childhood, genetic factors, and educational level (Cruz-Flores et al., 2011).

The ability to recognize warning signs of a stroke is low among the general
population with 30-60% of the population unable to recognize a single warning
sign (Nicol & Thrift, 2005). However, discrepancies in the ability to recognize the
warning signs of a stroke exist and vary based on gender, age, and race and ethnic-
ity. Specifically, among women aged 45-54 years, Hispanic/Latinx women were
more than 4 times as likely and non-Hispanic/Latinx Black/African Americans were
2.5 times as likely than non-Hispanic/Latinx Whites to have low scores on assess-
ments of stroke knowledge (Lutfiyya et al., 2009). The rate of compliance with
medication is also lower in minorities; this is often influenced by factors including
denial of disease, concern for side effects, difficulty filling prescriptions or attend-
ing appointments, and lower health literacy (Cruz-Flores et al., 2011).

Compounding and contributing to racial-ethnic disparities, access to healthcare
varies widely among minorities. Non-Hispanic/Latinx Black and African Americans
and Hispanic/Latinx were found to use emergency transport services less, resulting
in delayed arrival to the Emergency Department and delayed care (Lacy et al.,
2001). Non-Hispanic/Latinx Black and African Americans are also found to have
significantly longer wait times resulting in delayed access to acute stroke treatment.
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Strategies to mitigate racial-ethnic disparities should continue to remain at the fore-
front of stroke care and research.

Modifiable Risk Factors

Hypertension is one of the most common risk factors for a stroke. According to the
American Heart Association, Stage 1 hypertension is defined as a systolic blood
pressure greater than 130 and/or diastolic blood pressure greater than 80 (American
Heart Association, 2024a). A systemic analysis of hypertension published in 2016
analyzed the rate of hypertension globally with hypertension defined as a systolic
blood pressure greater than 140 and diastolic blood pressure greater than 90. The
study found that the prevalence of hypertension in adults greater than 20 years of
age was 31.1% with a rate of 30.1% in women and 31.9% in men. In high income
countries, the rate was found to be 28.5% with a rate of 25.3% in women and 31.6%
in men. In middle and low income countries, the rate was approximately 31.5% with
a rate of 31.2% in women and 31.7% in men (Mills et al., 2016). In high income
countries, the greatest burden was seen in older age groups greater than 60 years of
age, whereas in low and middle income countries, the greatest burden was seen in
middle age groups aged 40-59 years old (Mills et al., 2016).

A similar study published in 2021 evaluated the rates of hypertension worldwide
from 1990 to 2019. The study found that the prevalence of hypertension in 2019 was
overall similar to the prevalence in 1990 with 32% of women and 34% of men aged
30-79 years with hypertension in 2019 compared to 32% of both women and men
in 1990 (Zhou et al., 2021). Though the overall prevalence of hypertension was
generally found to be lower in women than men, women within the postmenopausal
phase were found to have an increased prevalence of hypertension (Zhou etal., 2021).

Low and middle income countries have the highest prevalence of hypertension
with almost 82% of individuals with hypertension residing within these countries
(Zhou et al., 2021). Hypertension was found to be a new diagnosis in 47% of women
and 38% of men. Among those treated for hypertension, less than half achieved
control with control rates of 23% in women and 18% in men globally (Zhou et al.,
2021). Control rates were found to improve in most countries since 1990 with the
largest improvement seen in high-income countries and central Europe. Among the
countries with the lowest difference in improvement were countries in sub-Saharan
Africa and Oceania. In most countries, the rate of hypertension treatment was found
to be higher in women than men (Zhou et al., 2021).

Within the United States, a lower percentage of women than men have hyperten-
sion (44% vs 50%, respectively). These rates were found to differ among race with
non-Hispanic/Latinx Black/African American adults having a higher rate at 56%
followed by 48% in non-Hispanic/Latinx White adults, 46% in non-Hispanic/Latinx
Asian adults, and 39% in Hispanic/Latinx adults. Blood pressure control was high-
est among non-Hispanic/Latinx White adults at 32% followed by non-Hispanic/
Latinx Black/African American adults and Hispanic/Latinx adults at 25%, and
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non-Hispanic/Latinx Asian adults at 19%. The highest rates of hypertension were
seen in the southeast region of the United States (CDC, 2024a).

In addition to being one of the most common risk factors for a stroke, hyperten-
sion is also one of the greatest modifiable risk factors. Prior studies have shown a
similar risk of cardiovascular disease worldwide in both women and men with
hypertension (Peters et al., 2013). Specifically, for every 10 mmHg increase in sys-
tolic blood pressure, the risk of stroke has been found to increase by 23% in women
and 24% in men (Peters et al., 2013). However, more recent studies, such as the
REGARDS study, found higher rates of stroke in women with hypertension in the
United States than in men, with the incidence of stroke almost twice as high in
women (Madsen et al., 2019). As such, future research on the biological mecha-
nisms for variations in stroke incidence and sex-specific guidelines for management
and treatment are warranted.

Diabetes mellitus is another important modifiable risk factor implicated in car-
diovascular disease. In 2021, the prevalence of diabetes within the United States
was 11.6%. The percentage of adults with diabetes increased with age with a preva-
lence of 29.2% among individuals aged 65 years or higher. The prevalence among
women was slightly lower than in men (14.1% vs 15.4%, respectively) (CDC,
2024b). The rates of treatment and control were similar in women and men within
the United States (Peters et al., 2014). However, women with diabetes were found
to have a 27% greater relative risk of stroke when compared to men in a pooled
analysis of 64 population-based cohort studies published in between 1966 and 2013
with a total of 775,385 patients, of whom 12,539 were patients with stroke (Peters
et al., 2014). In a meta-analysis published in 2018 evaluating 68 prospective obser-
vational studies included in the Prospective Studies Collaboration and Asia Pacific
Cohort Studies Collaboration from 1949 to 2002 involving 980,793 patients, women
with diabetes were found to have a higher relative risk of death following an isch-
emic stroke compared to men (Gnatiuc et al., 2018).

Atrial fibrillation is a major risk factor for stroke with the incidence of stroke
related to atrial fibrillation nearly tripling in the past three decades (Yiin et al.,
2014). Though women have a lower prevalence and incidence of atrial fibrillation
than men, the lifetime risk is similar to men due to the longer life expectancy of
women (Ko et al., 2016). In a meta-analysis of 30 cohort studies published in
between 1966 and 2015 with a total of 4,371,714 participants, atrial fibrillation was
found to be associated with a significantly higher risk of stroke, cardiovascular mor-
tality, cardiac events, and heart failure, as well as all-cause mortality in women
compared to men (Emdin et al., 2016). In another cohort study performed within the
United Kingdom, atrial fibrillation was also associated with a higher hazard ratio of
hemorrhagic stroke in women than in men at 2.80, with hazard ratio defined as a
measure used in survival analysis to compare the rate at which an event occurs in
two groups over time (Peters et al., 2020).

Though associated with a higher risk of stroke in women, women with atrial
fibrillation were found to have lower anticoagulation use than men. An analysis of
the PINNACLE study in 2017 found that women were significantly less likely to
receive oral anticoagulation than men (56.7% vs 61.3%) (Thompson et al., 2017).
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Women were also less likely than men to undergo catheter ablation for atrial fibril-
lation (Avgil Tsadok et al., 2015). These discrepancies in management may explain
why the stroke risk is higher in women with atrial fibrillation and should be evalu-
ated further in future studies.

Hpyperlipidemia is defined as elevated lipid levels in the form of total cholesterol
or low-density lipoprotein cholesterol (LDL-C). It is one of the major risk factors
for cardiovascular disease and stroke. In a survey performed within the United
States, a lower percentage of women than men with cardiovascular disease had
dyslipidemia, while the rates were similar in those without cardiovascular disease
(Peters et al., 2019). Nonetheless, in a prospective study of women greater than
45 years of age within the United States, the multivariable-adjusted hazard ratio of
ischemic stroke was 2.27 for total cholesterol and 1.74 for LDL-C (Kurth et al.,
2007). Statin therapy is the mainstay of treatment of hyperlipidemia. However, sim-
ilar to oral anticoagulation in atrial fibrillation, women were less likely than men to
be treated with any statin or at the guideline-recommended dose (Nanna et al., 2019).

Tobacco use is associated with higher rates of stroke. Though the prevalence of
smoking is lower in women than men, there was a greater risk of stroke in women
who smoked tobacco with an odds ratio (OR) of 1.88 in women compared to 1.54 in
men in a meta-analysis of 14 studies published in between 1980 and 2018 with a
total of 303,134 participants (Pan et al., 2019). Similarly, in a cohort study per-
formed in the United Kingdom, smoking was associated with a higher hazard ratio
(HR) of any stroke in women than in men (HR 1.18) (Peters et al., 2020).

Migraine and its particular subtype—migraine with aura—is associated with a
higher risk of stroke. In a narrative review published in 2022, the global prevalence
of migraine was found to be 20.7% in women and 9.7% in men. Several mecha-
nisms have been proposed linking migraine and stroke; these include genetic predis-
position, endothelial dysfunction, coagulation abnormalities, arterial dissection,
and paradoxical embolism through a patent foramen ovale (PFO) (Lee et al., 2016).
Women are shown to have a higher association of migraine with ischemic stroke
when compared to men (RR 2.08 vs. 1.37, respectively) (Schurks et al., 2009). This
risk was most prevalent in women under the age of 45 years (RR 3.65), women on
oral contraceptives (RR 7.02), and individuals with current tobacco use (RR 9.03 in
smokers vs. 1.56 in non-smokers) (Schurks et al., 2009).

Obesity, diet, and physical activity are all factors that contribute to the risk of
stroke. Obesity, in itself, is a risk factor for stroke in both women and men. However,
the prevalence of obesity is higher in women (Garawi et al., 2014). An elevated
body mass index, clinical obesity defined as greater than or equal to 30 kg/m?, and
a high waist-to-hip ratio are all associated with higher risk of ischemic stroke in
both women and men, though a stronger association was noted in women (Kroll
etal., 2016; Peters et al., 2020). There is conflicting data on the relationship between
obesity and hemorrhagic stroke with some data suggesting a decreased risk (Kroll
et al., 2016).

Lifestyle modifications, including diet and physical activity, are associated with
reduction in the risk of stroke. In a cross-sectional study published in 2022, any
amount of activity, whether light to moderate or vigorous, was associated with a
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decreased risk of stroke. In contrast, a sedentary lifestyle was associated with a
higher risk of stroke (Ghozy et al., 2022). Adherence to diets, such as the
Mediterranean diet and DASH diet, can lower the risk of stroke (Foroughi et al.,
2013). Further studies need to determine the gender-differences in adopting such
lifestyle modifications and the potential barriers or challenges that are faced.

Women-Specific Risk Factors

Pregnancy can induce a hypercoagulable state that can result in a four to ten times
increased thrombotic risk (Bremme, 2003). This, in addition to other physiological
changes that occur during pregnancy, can result in an increased risk of stroke. The
risk of maternal stroke is higher in the peripartum and postpartum periods than dur-
ing the antepartum period (Sullivan-Baca et al., 2024). A population-based cohort
study performed in the United Kingdom in 2017 found that the rate of any stroke,
ischemic or hemorrhagic, was ninefold higher in the peripartum period (defined as
2 days before and 1 day after delivery) and threefold higher in the early postpartum
period (defined as the first 6 weeks following delivery) when compared to age-
matched non-pregnant women (Ban et al., 2017). Common stroke etiologies during
pregnancy include hemorrhagic stroke, reversible cerebral vasoconstrictive syn-
drome (RCVS), cervical arterial dissection, cardioembolism, and cerebral sinus
thrombosis. Of these stroke etiologies, hemorrhagic stroke accounts for approxi-
mately 60% of maternal strokes.

According to a retrospective population-based cohort study performed in Canada
in 2019, risk factors for stroke in pregnancy included older maternal age defined as
greater than or equal to 40, pre-eclampsia, eclampsia, maternal congenital heart
disease, connective tissue disorders, sepsis, severe postpartum hemorrhage, and
thrombophilia (Liu et al., 2019). Black/African American race is also found to
increase the risk of pregnancy-related stroke (Miller & Leffert, 2020). Among preg-
nant women with hypertensive disorders of pregnancy, Black/African American
patients were found to have twice the risk of stroke compared to White patients.
Without hypertension, this trend remained with Black/African American patients
having a 17% higher risk of stroke (Miller & Leffert, 2020; Sullivan-Baca
et al., 2024).

Hypertensive disorders of pregnancy, including chronic hypertension (diagnosed
prior to 20 weeks of pregnancy), gestational hypertension (diagnosed after 20 weeks
of pregnancy), and pre-eclampsia, are associated with both maternal stroke and an
increased long-term risk of stroke (Hung et al., 2022; Sullivan-Baca et al., 2024). A
cross-sectional study performed within the United States in 2015 evaluated
81,983,216 pregnancy hospitalizations from 1994 to 2011. During this time period,
the study found that the rate of stroke with hypertensive disorders in pregnancy
increased from 0.8 per 10,000 from 1994 to 1995 to 1.6 per 10,000 from 2010 to
2011 with women with hypertensive disorders of pregnancy at an approximately 5.2
times higher risk of maternal stroke than those without (Leffert et al., 2015). When
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further broken down by race, the study found that White women had the highest rate
of hypertensive disorders of pregnancy and stroke at 29.1% followed by Black/
African American at 26.7%, Hispanic/Latinx at 15%, and other at 6.6%. The rates
were also higher within certain geographical locations with the South being the
highest at 50% followed by the West at 22.4%, the Midwest at 20.3%, and the
Northeast at 15.3% (Leffert et al., 2015).

Furthermore, a meta-analysis published in 2017 evaluated the association of pre-
eclampsia and cardiovascular disease across 22 studies, of which greater than 6.4
million women including greater than 258,000 women with pre-eclampsia were
identified. It found that pre-eclampsia was associated with a fourfold increase in
future incident of heart failure and twofold increase in future incidence of coronary
heart disease, stroke, and death due cardiovascular disease. The increase in risk was
particularly highest during the first 10 years after a pregnancy complicated by pre-
eclampsia compared with those beyond 10 years (Wu et al., 2017). Similarly, in a
nationwide study performed in Taiwan in 2022, the risk of hemorrhagic stroke con-
tinued to increase over time with a hazard ratio of 4.64 approximately 10-15 years
after childbirth, while the risk of ischemic stroke peaked around 1-3 years postpar-
tum with a hazard ratio of 2.14 (Hung et al., 2022). In addition to hypertensive dis-
orders of pregnancy, other factors associated with increased long-term risk of stroke
include gestational diabetes, smoking, migraine headaches, and preterm delivery
(Sullivan-Baca et al., 2024; Yoon & Bushnell, 2023).

Exogenous estrogen use, in particular estrogen-containing oral contraceptive
pills, are associated with an increased risk of stroke. In a meta-analysis of 18 studies
published in 2015, women on oral contraceptive pills had a 2.5-fold increased risk
of an ischemic stroke with the risk decreasing with lower estrogen concentrations.
The risk of an ischemic stroke was further increased when combined with tobacco
use, hypertension, history of migraine, and age greater than 35 (Xu et al., 2015).
Another meta-analysis, published in 2018, evaluated 15 studies with a total of 4271
hemorrhagic stroke cases. It found that the risk of hemorrhagic stroke was approxi-
mately 1.4-fold higher in women on oral contraceptive pills (Xu et al., 2018). This
risk was further increased by other associated risk factors including hypertension,
migraine, and tobacco use (Xu et al., 2015, 2018).

Similar to estrogen-containing oral contraceptives, oral menopausal hormone
replacement therapy (HRT) is associated with an increased risk of ischemic stroke
(Manson et al., 2013). The risk of stroke is higher in the first year of use, but remains
elevated in the years after (Johansson et al., 2022). Unlike oral HRT, transdermal
therapy containing low doses of estrogen have been found to have a lower risk of
stroke (Pinkerton, 2020).

Endogenous estrogen exposure occurs from menarche to menopause. Age at
menarche is associated with variable rates of stroke. Women with early menarche,
defined as age less than or equal to 10 years, and late menarche, defined as age
greater than or equal to 16 years, have a 27% and 25% increased risk of stroke,
respectively (Mishra et al., 2020). Early menarche combined with a shorter repro-
ductive lifespan defined as less than 33 years had the highest risk of cardiovascular
disease (HR 2.06) (Mishra et al., 2020).
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Similarly, age at menopause has variable associations with stroke. Women with
premature menopause, defined as age less than 40 years, and early menopause,
defined as age 40—44 years, have a 98% and 49% higher risk of stroke, respectively
(Mishra et al., 2020). This risk can be mitigated in those with late menopause occur-
ring at age 56 years or older with a 28% lower risk of cardiovascular disease (HR
0.72). Surgical menopause, completed by performing a bilateral oophorectomy with
or without a hysterectomy, is also associated with a higher risk of stroke with the
risk most significant in women under the age of 48 years (Bushnell & Kapral, 2023;
Poorthuis et al., 2017, 2022).

Presentation

Early and rapid recognition of the signs and symptoms of a stroke is essential in
providing prompt management and treatment. Traditional signs and symptoms of a
stroke include sudden onset dizziness or difficulty with balance, change in vision,
difficulty producing or comprehending speech, and unilateral numbness or weak-
ness. Prior studies evaluating the gender difference in acute stroke presentation con-
flict with some population studies suggesting that women were more likely to
present with non-traditional signs of stroke such as altered mental status and pain.
A population based study in Rochester, MN, corroborated these findings, indicating
higher rates of disorientation, confusion, generalized weakness, fatigue, and changes
in mental status in women upon presentation (Gardener et al., 2020). Similarly, in a
Michigan-based study evaluating 1922 acute stroke cases, of whom 54.2% were
women, women were found to be significantly less likely than men to present with
any stroke warning sign or suspected stroke (87.5% vs 91.4%) and less likely to
report trouble with walking, balance, or dizziness (9.5% vs 13.7%) (Gargano
et al., 2009).

Comorbid conditions can often influence and delay the diagnosis of stroke. The
Diagnosis of Uncertain Origin Benign Transient Events (DOUBT) study published
in 2019 was a prospective cohort study involving nine sites within Canada, Australia,
and the Czech Republic that evaluated a total of 1028 patients with transient or
minor stroke symptoms of whom 51% were women (Coutts et al., 2019). It found
that women were more likely to report a history of migraine and recent stressors on
presentation (33% women vs. 17% men and 19% women vs. 12% men, respec-
tively) (Coutts et al., 2019; Rexrode et al., 2022). These conditions can often over-
lap with and mimic stroke and, thus, result in delayed diagnosis. As such, it is
essential to account for variations in presentation to prevent delays in both the diag-
nosis and treatment of stroke in women.
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Diagnosis and Treatment
Diagnosis

The diagnostic evaluation of stroke is multifaceted involving a thorough neurologi-
cal examination and grading of symptoms using the National Institutes of Health
Stroke Scale (NIHSS). Brain imaging is then performed using either computed
tomography (CT) or magnetic resonance (MR) imaging. The cranial vasculature is
then evaluated, typically using CT or MR angiography (Wityk & Beauchamp,
2000). Several studies show variations in the diagnostic assessment of stroke in
women when compared to men. A retrospective cohort study published in 2020
evaluated Medicare claims submitted from 2008 to 2016 and included patients age
greater than or equal to 65 years who were hospitalized with an acute ischemic
stroke. Of the 78,822 patients admitted with an acute ischemic stroke, 58.3% were
women. Within the study, women were less likely to be evaluated by a stroke spe-
cialist and less likely to undergo standard diagnostic testing when compared to men
(Bruce et al., 2020). In addition, female sex was also associated with decreased odds
of intracranial vessel imaging, extracranial vessel imaging, heart-rhythm monitor-
ing, echocardiography, evaluation by a neurologist, and evaluation by a vascular
neurologist (Bruce et al., 2020). Similar findings have been reported in prior studies
(Bruce et al., 2020; Di Carlo et al., 2003; Roquer et al., 2003). In addition to varia-
tions in diagnostic assessment, delays in care are also reported (Centers for Disease
& Prevention, 2007; Jungehulsing et al., 2006; Rose et al., 2008; Yu et al., 2002). A
study in 2009 involving a statewide stroke registry in Michigan covering 15 hospi-
tals evaluated a total of 1922 acute stroke cases, of whom 54.2% were women. It
found that women had an 11% longer door-to-doctor interval and 15% longer door-
to-image time interval (Gargano et al., 2009).

This delay can be even more pronounced in pregnant individuals due to varia-
tions in recommendations and the desire to avoid potential harm to the mother and
fetus. Though ultrasonography and MR imaging are the modalities of choice in
pregnancy, the American College of Obstetricians and Gynecologists recommend
that CT scans can be considered if rapid diagnosis is required or depending on avail-
ability of imaging as the radiation exposure is at a dose much lower than that associ-
ated with fetal harm (Elgendy et al., 2021; Gynecologists, 2017). If using MR
imaging, the use of gadolinium contrast should be limited as its use remains contro-
versial due to the ability of the molecules to cross the placenta and cause possible
fetal harm (American College of Obstetricians and Gynecologists & Committee on
Obstetric Practice, 2017). Further studies should be performed to evaluate dispari-
ties in stroke evaluation and mitigate the delays upon presentation.
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Treatment
Thrombolytics in Acute Stroke

The 2019 American Heart Association guidelines recommend rapid treatment of
patients presenting with symptoms of an acute stroke with thrombolytics within
4.5 hours from last known normal (LKN). The thrombolytics typically used in acute
stroke include IV alteplase and IV tenecteplase (Powers et al., 2019). Similar to the
differences seen in stroke diagnosis, women are also less likely to receive throm-
bolysis than men (Deng et al., 2006; Reed et al., 2001; Reeves et al., 2009a; Reid
et al., 2008; Turtzo & McCullough, 2008). A meta-analysis published in 2020 eval-
uating 24 studies published in between 2008 and 2018 found that women were 13%
less likely to receive IV thrombolytics than men (Strong et al., 2020). These differ-
ences may be due to women being older at onset with higher baseline modified
Rankin score (mRS), presenting with atypical syndromes, delays in time from
symptom onset to hospital or from door to needle, greater likelihood of living inde-
pendently and thus presenting outside of the time window or with an unknown last
known normal, or being more unwilling to accept thrombolysis (Gargano
et al., 2009).

Uncertainty regarding the administration of thrombolytics in pregnant individu-
als can also lead to delays in care within this population. Though pregnancy was
historically considered a contraindication to IV thrombolytics, these medications
are not known to be teratogenic and are too large to travel across the placenta.
However, there remains a high concern for complications including uterine bleed-
ing, placental abruption, premature labor, and fetal demise (Demchuk, 2013;
Elgendy et al., 2021). Current guidelines recommend consideration of IV thrombo-
Iytics in pregnancy when the benefits of treating moderate-to-severe stroke out-
weigh the potential risks (Demaerschalk et al., 2016; Elgendy et al., 2021; Powers
etal., 2019). The use of IV thrombolytics in the early postpartum period, defined as
less than 14 days following delivery, remains uncertain (Powers et al., 2019). Early
involvement of a multidisciplinary team involving obstetricians, neurologists, and
potentially a perinatologist to assist with management is essential (Demaerschalk
et al., 2016; Powers et al., 2019).

Endovascular Therapy in Acute Stroke

Endovascular treatment (EVT) is guideline-recommended therapy for individuals
with an acute ischemic stroke due to large-vessel occlusion (LVO). Variations in
utility and outcomes following EVT based on gender have been previously studied.
A recent meta-analysis published in 2022 evaluated 51 studies and did not find any
differences in utilization of EVT among women and men (Ouyang et al., 2023). In
addition, the study did not show any gender differences in outcomes following EVT
(Ouyang et al., 2023). These findings are similar to a previous meta-analysis
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performed using data from the Highly Effective Reperfusion Using Multiple
Endovascular Devices (HERMES) trial that did not show any changes in treatment
effect or outcome based on gender, noting that women and men benefited equally
(Chalos et al., 2019; Goyal et al., 2016). However, a post hoc analysis of the
Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands (MR CLEAN) trial indicated that women had a
higher 90-day mortality and adverse events when compared to men (De Ridder
et al., 2016). Further studies are needed to determine whether any disparity exists in
the utilization of EVT and in post-thrombectomy outcomes based on gender.

Outcomes

Gender differences have been found to exist in stroke outcomes. Women often have
worse outcomes post-stroke with increased disability and decreased quality of life
(Bushnell etal., 2018). The Framingham Heart Study was a longitudinal community-
based cohort study that began in Framingham, Massachusetts, in 1948 and initially
involved 5209 men and women aged 30—62 years old who were free of cardiovas-
cular disease. Of the participants who were living in 1999, 220 participants between
the age of 65 and 94 years experienced their first stroke. The study evaluated the
variation in deficits post-stroke based on gender and found that 34% of women were
disabled at 6 months post-stroke compared to only 16% of men (Kelly-Hayes et al.,
2003). In addition, women were found to be more dependent in activities of daily
living (ADLSs) (33.9% vs 15.6%), less likely to walk unassisted (40.3% vs 17.8%),
and more likely to reside in nursing homes (34.9% vs 13.3%). When adjusted for
age and stroke subtype, older age was the main factor that accounted for the severity
in disability. As strokes tend to occur later in life in women, age at presentation is
often the main contributor of post-stroke disability (Kelly-Hayes et al., 2003).
Lower quality of life in women post-stroke is often impacted by stroke-related
anxiety, depression, pain and discomfort, and decreased mobility compared to men
(Bushnell et al., 2014b). Post-stroke mortality has also been reported to be higher in
women when compared to men (Phan et al., 2017; Yoon & Bushnell, 2023). The
International Stroke Outcomes Study (INSTRUCT), a meta-analysis published in
2017 evaluating 13 population-based incidence studies in Europe, Australia, South
America, and the Caribbean between 1987 and 2013, found that women have greater
long-term mortality than men after stroke. Factors associated with an increase in
mortality include advanced age, stroke severity, lower pre-stroke function, higher
baseline mRS, and the presence of atrial fibrillation (Phan et al., 2017) (Table 3.2).
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Table 3.2 Comparison of gender differences in post-stroke outcomes

Outcome
category

Stroke incidence

Age at stroke
Stroke severity

Functional
recovery
Disability and
dependence
Mortality rate

Recurrence risk

Post-stroke
depression
Response to
rehabilitation
Quality of life
post-stroke
Comorbidities
impact

Men

Slightly higher incidence than
women, especially at younger
ages

Typically younger age at first
stroke

Often lower stroke severity at
presentation

Generally faster recovery and
better functional outcomes
Lower rates of long-term
disability

Slightly lower mortality rates,
especially in younger age
groups

Generally lower recurrence
risk than women

Lower rates of post-stroke
depression

Better tolerance to physical
rehabilitation

Quality of life outcomes often
better

Comorbid conditions like
smoking, heart disease impact
outcomes more heavily

Post-Stroke Depression

‘Women

Lower overall incidence, but higher in very
old age groups (85+ years)

Typically older age at first stroke
Often higher stroke severity at presentation

Slower recovery and more significant
functional impairments

Higher rates of long-term disability, often
due to worse initial deficits

Higher mortality rates, particularly in older
age groups

Slightly higher recurrence risk, especially
post-menopause
Higher rates of post-stroke depression

Often slower improvement and higher
support needs in rehabilitation

Quality of life outcomes typically lower

Comorbid conditions like hypertension,
atrial fibrillation, and post-menopausal

factors contribute more significantly to

outcomes

Post-stroke depression (PSD) is one of the most common complications following
a stroke, affecting approximately one-third of stroke survivors (Hackett & Pickles,
2014). Pregnant individuals may be more prone to developing PSD due to the co-
occurrence of postpartum depression (PPD) and postpartum anxiety (PPA) (Rai
et al., 2015; Sullivan-Baca et al., 2024). Those affected have a higher risk of
decreased functional outcome, poorer quality of life, recurrent vascular events, and
mortality (Towfighi et al., 2017). The frequency of PSD is highest in the first year
following stroke and then gradually declines (Towfighi et al., 2017). A multitude of
studies have shown five main predictors of PSD. These include (1) a history of men-
tal disorder prior to stroke onset, (2) stroke severity, (3) physical disability, (4) cog-
nitive impairment, and (5) lack of social support (Ladwig et al., 2023). A validation
study published in 2023 evaluated two prospective longitudinal studies of stroke
survivors: the Berlin PSD sample and the post-stroke depression early assessment
for improved management (PoStDAM) sample. The study found that a history of
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psychiatric disorder prior to stroke onset, physical disability, and lack of social sup-
port were independent risk factors for the development of PSD (Ladwig et al., 2023).

Women are at higher risk of physical disability following stroke, which can
increase the risk of developing PSD. In addition, women are more likely to have a
history of depression pre-stroke which can further contribute to their risk. A popula-
tion study published in 2020 evaluating 786 patients with first-time strokes from the
Brain Attack Surveillance in Corpus Christi project from 2011 to 2016 found that
approximately one-fourth of women were on medication for depression at the time
of stroke onset, while one-fifth were not on medication but reported a history of
depression, which was significantly higher than the rates in men (Dong et al., 2020).
The gender difference in rates of pre-stroke depression may be accounted for by the
higher likelihood of women to seek treatment than men. Within the study, the preva-
lence of depression at the first 90 days following stroke onset was 32.7% in women
and 28.2% in men; though not significant, the prevalence was numerically higher in
women than in men (Dong et al., 2020). Of the patients without a history of depres-
sion at stroke onset, approximately two-fifths were women. Compared to men, these
women were typically older, more likely to be widowed, have a higher stroke sever-
ity and a higher burden of medical comorbidities (Dong et al., 2020). Fatigue and
sleep disturbance were the most common symptoms experienced among both
women and men with PSD. The prevalence of fatigue and changes in appetite was
higher in women, whereas the prevalence of psychomotor changes was higher in
men. Factors associated with first-onset depression following stroke included lack
of insurance coverage, number of medical conditions, and tobacco use at the time of
stroke onset (Dong et al., 2020).

A cross-sectional study published in 2023 evaluated the gender-specific associa-
tion between stroke status and depression in South Korea with a total of 5746 men
and 7608 women. The study found that the prevalence of PSD in women was 22.2%
compared to 8.8% in men. Compared with the non-stroke participants, women with
stroke had a 2.49-fold higher risk of depression (Kim & Lee, 2023). In addition, the
study found that women with a younger age at stroke onset (<60 years; OR 4.05)
and stroke duration of greater than 10 years had a stronger association with PSD
(OR 3.12) (Kim & Lee, 2023). Actively screening for depression and providing
treatment in stroke survivors is of vital importance and may greatly impact their
quality of life. Further research is needed to better understand the gender differ-
ences of PSD and the interventions that may be best suited for each individual.

Post-Stroke Epilepsy

Stroke is one of the leading causes of acquired epilepsy in adults, particularly in
older adults (Luhdorf et al., 1986). The incidence of post-stroke epilepsy (PSE) can
range from 6% to 15% with the risk being highest in the first few years after stroke
onset (Galovic et al., 2021). A meta-analysis performed in 2015 analyzed post-
stroke seizures in 34 cohort studies involving 102,008 patients from 1990 to 2013.
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The study found that the pooled incidence of post-stroke seizures was approxi-
mately 7% and post-stroke epilepsy was approximately 5% with no significant dif-
ference between women and men (Zou et al., 2015). Acute symptomatic seizures
occurring within 7 days from stroke onset have been seen in up to 4% of patients
with ischemic stroke and 16% of those with intracerebral hemorrhage (Beghi et al.,
2011; Galovic et al., 2021). In addition to hemorrhagic strokes, cortical lesions can
be predictors of acute symptomatic seizures (Beghi et al., 2011). Recurrent seizures
following stroke can also affect stroke rehabilitation and recovery by leading to a
decreased quality of life, potential injuries and physical impairments, cognitive
changes, and decreased independence (Baranowski, 2018; Verducci et al., 2019).
While we have some insights into general trends, there is a gap in comprehensive
data specifically addressing how gender might affect the prognosis, treatment
response, and quality of life in patients with PSE. Further research is crucial for
understanding these nuances and could help tailor interventions that account for
gender-specific factors, potentially improving outcomes for both women and men.

Post-Stroke Cognitive Impairment

Post-stroke cognitive impairment (PSCI) can range in severity from mild to severe
and affects approximately 60% of stroke survivors in the first year following stroke
onset (El Husseini et al., 2023). Approximately 10% of stroke survivors can prog-
ress to developing dementia within 1 year following stroke onset (Moulin et al.,
2016). Pre-stroke cognitive impairment, PSCI, and dementia are also frequently
seen in patients with intracranial hemorrhage (Banerjee et al., 2018; Moulin et al.,
2016). These rates are particularly higher in those with lobar hemorrhages, which
are often seen in a condition associated with dementia called cerebral amyloid angi-
opathy. In patients with subarachnoid hemorrhage, impairment in at least one cogni-
tive domain is commonly seen with the rates of impairment on global cognitive tests
ranging between 26% and 43% at 3 months and 21% at 12 months (Mayer et al.,
2002; Springer et al., 2009).

Risk factors for PSCI include older age, stroke severity, history of prior strokes,
multiple comorbidities, lower educational status, and social isolation (Pendlebury &
Rothwell, 2009). Black/African American patients have been found to have a greater
cognitive decline and higher rates of dementia within the first 5 years following an
ischemic stroke when compared to White patients (Clark et al., 2018). A multicenter
study evaluated patients with acute ischemic strokes from nine cohorts including
France, Hong Kong, Republic of Korea, the Netherlands, and Singapore with a total
of 2343 patients. The study did not find any difference in the rate of women and men
affected by PSCI; however, it did note a difference in the cognitive domains impacted
(Exalto et al., 2023). Women were more likely to have impairments in the domains
of attention, executive function, and language, whereas men were more likely to
have impairments in verbal memory (Exalto et al., 2023). Pregnant individuals may
be more prone to developing cognitive changes due to the co-occurrence of
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postpartum depression, anxiety, or psychosis in addition to lifestyle and environ-
mental changes including sleep deprivation, new responsibilities, as well as changes
in identity (Sullivan-Baca et al., 2024).

Management of PSCI is usually multifaceted and involves interdisciplinary col-
laboration between neurologists, gerontologists, primary care physicians, speech
language pathologists, occupational therapists, neuropsychologists, and other
healthcare providers. Approaches for management include physical activity, cogni-
tive rehabilitation, and pharmaceutical management (El Husseini et al., 2023).
Additional targeted studies are needed to determine how peripartum and postpartum
periods, as well as other life stages specific to women, might impact cognitive
recovery and management strategies.

Vascular Dementia

Vascular dementia is the second most common form of dementia following
Alzheimer’s disease, accounting for approximately 20% of dementia cases, with the
risk doubling every 5 years after the age of 65 years (Korczyn et al., 2012; Roman,
2003). Vascular dementia following stroke is typically defined as a stepwise cogni-
tive decline that occurs within 3 months of stroke onset. However, many stroke
survivors can develop a delayed dementia outside of the 3-month period or follow-
ing recurrent strokes (Kalaria et al., 2016). Pooled estimates show that 1-in-10
patients have pre-stroke dementia, 1-in-10 patients develop post-stroke dementia
following their initial stroke, and over 1-in-3 patients develop post-stroke dementia
after recurrent strokes (Pendlebury, 2009). Female sex, family history, and medial
temporal lobe atrophy are strongly associated with pre-stroke dementia (Pendlebury,
2009; Pendlebury & Rothwell, 2009). The development of post-stroke dementia, in
contrast, depends on several factors including the degree of stroke burden and neu-
ronal damage, complications from the stroke, and the presence of pre-existing cog-
nitive impairment or other cerebral pathology (Kalaria et al., 2016; Pendlebury &
Rothwell, 2009). In addition, lower education, older age, diabetes mellitus, myocar-
dial infarction, atrial fibrillation, epileptic seizures, sepsis, cardiac arrhythmias,
congestive heart failure, global cerebral atrophy, medial temporal lobe atrophy,
white matter changes, and post-stroke depression, which is more commonly seen in
women than in men, are all linked to an increased risk of dementia following a
stroke (Pendlebury & Rothwell, 2009; Pinkston et al., 2009).

Environmental factors can also contribute to the development of dementia. These
factors can include poor air quality, toxic metals, trace elements, and work hazards
that can involve the use of pesticides, fertilizers, and solvents (Killin et al., 2016).
Though unlikely to directly cause dementia, these factors can exacerbate other risk
factors that can contribute to the development (Kamel & Hoppin, 2004).
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Types of Vascular Dementia

Gender differences are variable based on the type of vascular dementia, which
include (1) subcortical, (2) stroke-related, (3) multi-infarct, and (4) mixed, and are
outlined as follows.

Subcortical Vascular Dementia The most common type of vascular dementia,
subcortical vascular dementia, is caused by damage to the small vessels within the
subcortex of the brain over time. The cerebrovascular white matter lesions that are
ordinarily seen with this disease correlate with advanced age, female gender, and
vascular risk factors such as hypertension, diabetes mellitus, tobacco use, and lower
income (Tomimoto, 2011). However, other studies have not shown a significant
gender difference (Akhter et al., 2021).

Stroke-Related Vascular Dementia Stroke-related vascular dementia can occur
after an initial stroke event. Though many individuals can develop transient cogni-
tive impairment in the weeks or months following the initial stroke event, approxi-
mately 20% will go on to develop vascular dementia by 6 months (Alzheimer’s
Society, 2024a). While current data show no significant gender differences in
stroke-related vascular dementia prevalence, theoretically, women might have a
higher risk due to their longer life expectancy and often higher age at stroke onset.
This age factor could mean more accumulated cerebrovascular burden by the time
of stroke, potentially predisposing women to a higher risk of post-stroke cognitive
impairment. More targeted studies could clarify whether there are subtle differences
in pathophysiology or outcomes between genders in this dementia subtype.

Multi-Infarct Vascular Dementia Multi-infarct dementia occurs when a series of
multiple minor strokes occur leading to cognitive dysfunction. It is most common in
individuals aged 55-75 years and less likely to occur in women than men (Lechner
& Bertha, 1991; McKay & Scott, 2017). Factors that increase the risk of multi-
infarct dementia include atrial fibrillation, rapid heartbeat, previous strokes, heart
failure, pre-stroke cognitive decline, hypertension, diabetes mellitus, atherosclero-
sis, tobacco use, alcohol use, low level of education, poor diet, and limited physical
activity (Lechner & Bertha, 1991).

Mixed Vascular Dementia Mixed dementia refers to vascular dementia caused by
more than one underlying cerebral pathology, such as a combination of vascular
dementia and Alzheimer’s disease. Approximately 1-in-10 patients with dementia
have mixed dementia (Alzheimer’s Society, 2024b). Generally, vascular dementia
and mixed dementias occur less frequently in women than in men with approximate
rates of 25% vs. 31%, respectively (Podcasy & Epperson, 2016). However, this dif-
ference is most noticeable at a younger age, whereas women over the age of
85-90 years have a higher risk of occurrence of vascular dementia, likely accounted
for by the higher longevity of women (Lucca et al., 2020).
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Risk Factors for Vascular Dementia

Female-specific factors for developing vascular dementia are hypothesized to
include pregnancy-related disorders such as pre-eclampsia, menopause, and delayed
hormone replacement therapy (HRT) (Gannon et al., 2019). Several studies have
found postmenopausal estrogen deficiency to be a risk factor for vascular dementia
(Robusto-Leitao & Ferreira, 2006). Though some studies have suggested that the
use of HRT can decrease the risk of dementia, risks associated with the use of HRT
such as increased risk of gynecologic malignancies and breast cancer as well as
stroke may negate these benefits (D’ Alonzo et al., 2019; Hogervorst et al., 2000;
Yaffe et al., 1998). As such, no clear consensus or guidelines exist on the use and
proper timing of HRT in postmenopausal women. In addition, women with concur-
rent diabetes mellitus, obesity, and hypertension are at higher risk for developing
vascular dementia than males (Gannon et al., 2019). These risk factors provide areas
that can be specifically targeted to decrease the potential risk of developing vascular
dementia in women (Fig. 3.2).

Underlying genetic variants can also predispose patients to developing vascular
dementia. Specifically, mutations in the Notch Receptor 3 (NOTCH3) gene can
predispose individuals to developing cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy (CADASIL), a rare form of vas-
cular dementia (Akhter et al., 2021; Papakonstantinou et al., 2019). Both genders
have an equal risk of developing CADASIL; however, their clinical presentations
can differ (Ruitenberg et al., 2001; Singhal, 2004). In a study of 313 CADASIL
patients from a large prospective cohort study in Paris and Munich published in
2011, women were found to be more likely to present with migraine with aura while

Predominant Risk

Predominant Risk Shared Risk .
Factors in Women

Factors in Men Factors
i Stroke Preeclampsia
Heart Disease Diabetes Menooause
Myocardial Infarction Hypertension P
.. . Obesit
Dyslipidemia esity Delayed Hormone

Replacement Therapy

Fig. 3.2 Overview of gender-specific risk factors for vascular contributions to cognitive impair-
ment and dementia (VCID)
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men were more likely to present with strokes before the age of 51 years; however,
this difference disappeared as individuals aged (Bushnell et al., 2014a; Gunda et al.,
2012). Variants in apolipoprotein E (APOE) are also linked to vascular dementia,
though their impact on the development of vascular dementia is less when compared
to their impact on Alzheimer’s disease. In addition, studies show that the risk of
vascular dementia increases by at least tenfold with the presence of homozygous
APOE4 (Akhter et al., 2021). Women with homozygous APOE4 have the highest
risk of developing dementia when compared to men with the same homozygous
pattern (Davidson et al., 2006; Molero et al., 2001; Rasmussen et al., 2018). Unlike
APOE4, APOE2 shows some unique protective effects against dementia and cogni-
tive decline in women, an effect that was not seen in men (Volgman et al., 2019).

Treatment

Currently, there is no cure for vascular dementia. Therapies and treatments are simi-
lar to those available for Alzheimer’s dementia and aim to slow the progression of
the disease. Pharmaceutical treatments can include cholinesterase inhibitors such as
donepezil and rivastigmine, NMDA antagonists such as memantine, and aggressive
medical management of stroke risk factors.

Focus on eliminating and decreasing risk factors is of utmost importance.
Adequate and consistent blood pressure control decreases the risk of vascular
dementia by 55% (Sierra, 2020). In addition to blood pressure management, pri-
mary prevention should include diet and lifestyle modifications with a special focus
on high-risk groups such as the elderly, patients with hypertension and/or diabetes,
smokers, individuals with TIA or prior strokes, as well as patients with hypercholes-
terolemia and atrial fibrillation (Eggink et al., 2019; Vijayan & Reddy, 2016).
Management of vascular dementia and dementia-related complications often
requires a multidisciplinary team involving the primary care physician, gerontolo-
gist, vascular neurologist, and rehabilitation specialists.

Research Takeaways

* Racial and ethnic minorities, particularly Black/African American and Hispanic/
Latinx women, have higher stroke risks and poorer outcomes due to factors such
as lower access to healthcare, socioeconomic disadvantages, and lower health
literacy. Further research into methods to minimize disparities is of significant
importance to combat the unequal distribution of stroke in minority
populations.

e Common modifiable risk factors for stroke include hypertension, diabetes,
hyperlipidemia, tobacco use, and lifestyle factors such as diet and physical
inactivity. Further research should focus on the implementation of gender-
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specific programs to address lifestyle modifications and mitigate the risk
of stroke.

Women-specific risk factors, such as pregnancy-related complications and hor-
monal factors, significantly impact stroke risk, highlighting the need for targeted
prevention strategies.

Women often present with non-traditional signs of stroke, such as altered mental
status and generalized weakness, leading to potential delays in diagnosis and
treatment. This highlights the importance of education on the variations in stroke
presentation to decrease delays in identification.

Women have higher rates of post-stroke disability and lower quality of life com-
pared to men, influenced by factors such as older age at stroke onset and higher
prevalence of comorbid conditions. Further research should be aimed toward a
multifactorial approach to individuals in addressing not only stroke management
and prevention, but also focusing on the psychosocial impact of stroke.

Clinical Takeaways

Early and rapid recognition of stroke symptoms is crucial for effective treatment.
Differences in symptom presentation between genders necessitate tailored
approaches to improve diagnostic accuracy and reduce treatment delays.
Thrombolytics and endovascular treatments are effective for acute ischemic
stroke, but women are less likely to receive these treatments due to various bar-
riers, including age and atypical symptom presentation.

Strategies to mitigate racial and ethnic disparities in stroke care should focus on
improving access to healthcare, increasing awareness of stroke symptoms, and
addressing socioeconomic barriers.

Post-stroke depression, cognitive impairment, and epilepsy are common compli-
cations that require comprehensive management strategies. Women are at higher
risk for these complications, necessitating gender-specific care plans.

Vascular dementia, a common outcome of stroke, requires ongoing management
to slow disease progression and improve quality of life. Multifaceted approaches
involving lifestyle modifications, pharmaceutical treatments, and multidisci-
plinary care are essential.

References

Adams, H. P.,, Bendixen, B. H., Kappelle, L. J., Biller, J., Love, B. B., Gordon, D. L., & Marsh,

E. E. (1993). Classification of subtype of acute ischemic stroke. Definitions for use in a mul-
ticenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke, 24(1),
35-41. https://doi.org/10.1161/01.str.24.1.35

Akhter, F., Persaud, A., Zaokari, Y., Zhao, Z., & Zhu, D. (2021). Vascular dementia and under-

lying sex differences. Frontiers in Aging Neuroscience, 13, 720715. https://doi.org/10.3389/
fnagi.2021.720715


https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.3389/fnagi.2021.720715
https://doi.org/10.3389/fnagi.2021.720715

3 Stroke and Vascular Dementia 77

Alzheimer’s Society. (2024a). Types of vascular dementia. Retrieved from https://www.alzheim-
ers.org.uk/about-dementia/types-dementia/types-of-vascular-dementia#2

Alzheimer’s Society. (2024b). What is mixed dementia? Retrieved from https://www.alzheimers.
org.uk/blog/what-is-mixed-dementia

American Heart Association. (2024a). High blood pressure. Retrieved from https://www.heart.org/
en/health-topics/high-blood-pressure

American Heart Association. (2024b). Life’s essential 8. Retrieved from https://www.heart.org/en/
healthy-living/healthy-lifestyle/lifes-essential-8

AmericanHeartAssociation.(2024c¢). Riskof strokeinwomeninfographic.Retrievedfromhttps://www.
goredforwomen.org/en/know-your-risk/risk-factors/risk-of-stroke-in-women-infographic

American College of Obstetricians and Gynecologists & Committee on Obstetric Practice. (2017).
Committee opinion no. 656 summary: guidelines for diagnostic imaging during pregnancy and
lactation. Obstetrics and gynecology, 127(2), 418.

Avgil Tsadok, M., Gagnon, J., Joza, J., Behlouli, H., Verma, A., Essebag, V., & Pilote, L. (2015).
Temporal trends and sex differences in pulmonary vein isolation for patients with atrial fibrilla-
tion. Heart Rhythm, 12(9), 1979-1986. https://doi.org/10.1016/j.hrthm.2015.06.029

Bako, A. T., Pan, A., Potter, T., Tannous, J., Johnson, C., Baig, E., Meeks, J., Woo, D., & Vahidy,
F. S. (2022). Contemporary trends in the nationwide incidence of primary intracerebral hemor-
rhage. Stroke, 53(3), €70—e74. https://doi.org/10.1161/strokeaha.121.037332

Ban, L., Sprigg, N., Abdul Sultan, A., Nelson-Piercy, C., Bath, P. M., Ludvigsson, J. F., Stephansson,
0., & Tata, L. J. (2017). Incidence of first stroke in pregnant and nonpregnant women of child-
bearing age: A population-based cohort study from England. Journal of the American Heart
Association, 6(4), e004601. https://doi.org/10.1161/jaha.116.004601

Banerjee, G., Wilson, D., Ambler, G., Osei-Bonsu Appiah, K., Shakeshaft, C., Lunawat, S., Cohen,
H., Yousry, T., Lip, G. Y. H., Muir, K. W,, Brown, M. M., Al-Shahi Salman, R., Jager, H. R.,
Werring, D. J., Shaw, L., Sword, J., Mohd Nor, A., Sharma, P., Veltkamp, R., et al. (2018).
Cognitive impairment before intracerebral hemorrhage is associated with cerebral amyloid
angiopathy. Stroke, 49(1), 40-45. https://doi.org/10.1161/strokeaha.117.019409

Baranowski, C. J. (2018). The quality of life of older adults with epilepsy: A systematic review.
Seizure, 60, 190-197. https://doi.org/10.1016/j.seizure.2018.06.002

Beghi, E., D’ Alessandro, R., Beretta, S., Consoli, D., Crespi, V., Delaj, L., Gandolfo, C., Greco,
G., La Neve, A., Manfredi, M., Mattana, F., Musolino, R., Provinciali, L., Santangelo, M.,
Specchio, L. M., Zaccara, G., & Epistroke, G. (2011). Incidence and predictors of acute
symptomatic seizures after stroke. Neurology, 77(20), 1785-1793. https://doi.org/10.1212/
WNL.0b013e3182364878

Bremme, K. A. (2003). Haemostatic changes in pregnancy. Best Practice & Research Clinical
Haematology, 16(2), 153-168. https://doi.org/10.1016/s1521-6926(03)00021-5

Broderick, J. P., Brott, T., Tomsick, T., Huster, G., & Miller, R. (1992). The risk of subarachnoid
and intracerebral hemorrhages in Blacks as compared with Whites. New England Journal of
Medicine, 326(11), 733-736. https://doi.org/10.1056/nejm199203123261103

Brott, T., Thalinger, K., & Hertzberg, V. (1986). Hypertension as a risk factor for spontaneous
intracerebral hemorrhage. Stroke, 17(6), 1078—1083. https://doi.org/10.1161/01.str.17.6.1078

Bruce, S. S., Merkler, A. E., Bassi, M., Chen, M. L., Salehi Omran, S., Navi, B. B., & Kamel,
H. (2020). Differences in diagnostic evaluation in women and men after acute ischemic
stroke. Journal of the American Heart Association, 9(5), €015625. https://doi.org/10.1161/
jaha.119.015625

Bruno, A., Carter, S., Qualls, C., & Nolte, K. B. (1996). Incidence of spontaneous intracerebral
hemorrhage among Hispanics and non-Hispanic whites in New Mexico. Neurology, 47(2),
405-408. https://doi.org/10.1212/wnl.47.2.405

Bushnell, C. D., & Kapral, M. K. (2023). Stroke in women and unique risk factors. Stroke, 54(2),
587-590. https://doi.org/10.1161/strokeaha.122.041734

Bushnell, C., McCullough, L. D., Awad, 1. A., Chireau, M. V., Fedder, W. N., Furie, K. L.,
Howard, V. J., Lichtman, J. H., Lisabeth, L. D., Pifia, I. L., Reeves, M. J., Rexrode, K. M.,
Saposnik, G., Singh, V., Towfighi, A., Vaccarino, V., & Walters, M. R. (2014a). Guidelines


https://www.alzheimers.org.uk/about-dementia/types-dementia/types-of-vascular-dementia#2
https://www.alzheimers.org.uk/about-dementia/types-dementia/types-of-vascular-dementia#2
https://www.alzheimers.org.uk/blog/what-is-mixed-dementia
https://www.alzheimers.org.uk/blog/what-is-mixed-dementia
https://www.heart.org/en/health-topics/high-blood-pressure
https://www.heart.org/en/health-topics/high-blood-pressure
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://www.heart.org/en/healthy-living/healthy-lifestyle/lifes-essential-8
https://www.goredforwomen.org/en/know-your-risk/risk-factors/risk-of-stroke-in-women-infographic
https://www.goredforwomen.org/en/know-your-risk/risk-factors/risk-of-stroke-in-women-infographic
https://doi.org/10.1016/j.hrthm.2015.06.029
https://doi.org/10.1161/strokeaha.121.037332
https://doi.org/10.1161/jaha.116.004601
https://doi.org/10.1161/strokeaha.117.019409
https://doi.org/10.1016/j.seizure.2018.06.002
https://doi.org/10.1212/WNL.0b013e3182364878
https://doi.org/10.1212/WNL.0b013e3182364878
https://doi.org/10.1016/s1521-6926(03)00021-5
https://doi.org/10.1056/nejm199203123261103
https://doi.org/10.1161/01.str.17.6.1078
https://doi.org/10.1161/jaha.119.015625
https://doi.org/10.1161/jaha.119.015625
https://doi.org/10.1212/wnl.47.2.405
https://doi.org/10.1161/strokeaha.122.041734

78 A. Gulati and C. Bushnell

for the prevention of stroke in women. Stroke, 45(5), 1545-1588. https://doi.org/10.1161/01.
str.0000442009.06663.48

Bushnell, C. D., Reeves, M. J., Zhao, X., Pan, W., Prvu-Bettger, J., Zimmer, L., Olson, D., &
Peterson, E. (2014b). Sex differences in quality of life after ischemic stroke. Neurology, 82(11),
922-931. https://doi.org/10.1212/wnl.0000000000000208

Bushnell, C. D., Chaturvedi, S., Gage, K. R., Herson, P. S., Hurn, P. D., Jiménez, M. C., Kittner,
S.J., Madsen, T. E., McCullough, L. D., McDermott, M., Reeves, M. J., & Rundek, T. (2018).
Sex differences in stroke: Challenges and opportunities. Journal of Cerebral Blood Flow &
Metabolism, 38(12), 2179-2191. https://doi.org/10.1177/0271678x18793324

CDC. (2005). Differences in disability among black and white stroke survivors—United States,
2000-2001. MMWR Morbidity and Mortality Weekly Report, 54, 3—6.

CDC. (2007). Prevalence of stroke—United States, 2005. MMWR Morbidity and Mortality Weekly
Report, 56, 469-474.

CDC. (2024a). High blood pressure facts. Retrieved from https://www.cdc.gov/high-blood-
pressure/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/bloodpressure/
facts.htm

CDC. (2024b). National diabetes statistics report. Retrieved from https://www.cdc.gov/diabetes/
php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/data/statistics-report/
index.html

CDC. (2024c). Stroke. Retrieved from https://www.cdc.gov/stroke/data-research/facts-
stats/?CDC_AAref_Val=https://www.cdc.gov/stroke/facts.htm

Chalos, V., De Ridder, I. R., Lingsma, H. F., Brown, S., Van Oostenbrugge, R. J., Goyal, M.,
Campbell, B. C. V., Muir, K. W., Guillemin, F., Bracard, S., White, P., Davalos, A., Jovin,
T. G., Hill, M. D., Mitchell, P. J., Demchuk, A. M., Saver, J. L., Van Zwam, W. H., & Dippel,
D. W. J. (2019). Does sex modify the effect of endovascular treatment for ischemic stroke?
Stroke, 50(9), 2413-2419. https://doi.org/10.1161/strokeaha.118.023743

Clark, D. G., Boan, A. D., Sims-Robinson, C., Adams, R. J., Amella, E. J., Benitez, A., Lackland,
D. T., & Ovbiagele, B. (2018). Differential impact of index stroke on dementia risk in African-
Americans compared to Whites. Journal of Stroke and Cerebrovascular Diseases, 27(10),
2725-2730. https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.048

Coutts, S. B., Moreau, F., Asdaghi, N., Boulanger, J. M., Camden, M. C., Campbell, B. C., et al.
(2019). Rate and prognosis of brain ischemia in patients with lower-risk transient or persistent
minor neurologic events. JAMA Neurology, 76(12), 1439-1445.

Cruz-Flores, S., Rabinstein, A., Biller, J., Elkind, M. S. V., Griffith, P., Gorelick, P. B., Howard,
G., Leira, E. C., Morgenstern, L. B., Ovbiagele, B., Peterson, E., Rosamond, W., Trimble, B.,
& Valderrama, A. L. (2011). Racial-ethnic disparities in stroke care: The American experience.
Stroke, 42(7), 2091-2116. https://doi.org/10.1161/str.0b013e3182213e24

D’Alonzo, M., Bounous, V. E., Villa, M., & Biglia, N. (2019). Current evidence of the onco-
logical benefit-risk profile of hormone replacement therapy. Medicina, 55(9), 573. https://doi.
org/10.3390/medicina55090573

Davidson, Y., Gibbons, L., Purandare, N., Byrne, J., Hardicre, J., Wren, J., Payton, A., Pendleton,
N., Horan, M., Burns, A., & Mann, D. M. (2006). Apolipoprotein E epsilon4 allele frequency
in vascular dementia. Dementia and Geriatric Cognitive Disorders, 22(1), 15-19. https://doi.
org/10.1159/000092960

De Ridder, I. R., Fransen, P. S. S., Beumer, D., Berkhemer, O. A., Van Den Berg, L. A., Wermer,
M.J., Lingsma, H., Van Zwam, W. H., Roos, Y. B., Van Oostenbrugge, R. J., Majoie, C. B., Van
Der Lugt, A., & Dippel, D. W. J. (2016). Is intra-arterial treatment for acute ischemic stroke
less effective in women than in men. Interventional Neurology, 5(3—4), 174—178. https://doi.
org/10.1159/000447331

Demaerschalk, B. M., Kleindorfer, D. O., Adeoye, O. M., Demchuk, A. M., Fugate, J. E., Grotta,
J. C, Khalessi, A. A., Levy, E. L., Palesch, Y. Y., Prabhakaran, S., Saposnik, G., Saver,
J. L., & Smith, E. E. (2016). Scientific rationale for the inclusion and exclusion criteria for


https://doi.org/10.1161/01.str.0000442009.06663.48
https://doi.org/10.1161/01.str.0000442009.06663.48
https://doi.org/10.1212/wnl.0000000000000208
https://doi.org/10.1177/0271678x18793324
https://www.cdc.gov/high-blood-pressure/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/bloodpressure/facts.htm
https://www.cdc.gov/high-blood-pressure/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/bloodpressure/facts.htm
https://www.cdc.gov/high-blood-pressure/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/bloodpressure/facts.htm
https://www.cdc.gov/diabetes/php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/diabetes/php/data-research/?CDC_AAref_Val=https://www.cdc.gov/diabetes/data/statistics-report/index.html
https://www.cdc.gov/stroke/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/stroke/facts.htm
https://www.cdc.gov/stroke/data-research/facts-stats/?CDC_AAref_Val=https://www.cdc.gov/stroke/facts.htm
https://doi.org/10.1161/strokeaha.118.023743
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.048
https://doi.org/10.1161/str.0b013e3182213e24
https://doi.org/10.3390/medicina55090573
https://doi.org/10.3390/medicina55090573
https://doi.org/10.1159/000092960
https://doi.org/10.1159/000092960
https://doi.org/10.1159/000447331
https://doi.org/10.1159/000447331

3 Stroke and Vascular Dementia 79

intravenous alteplase in acute ischemic stroke. Stroke, 47(2), 581-641. https://doi.org/10.1161/
str.0000000000000086

Demchuk, A. M. (2013). Yes, intravenous thrombolysis should be administered in pregnancy
when other clinical and imaging factors are favorable. Stroke, 44(3), 864—865. https://doi.
org/10.1161/strokeaha.111.000134

Deng, Y. Z., Reeves, M. J., Jacobs, B. S., Birbeck, G. L., Kothari, R. U., Hickenbottom, S. L.,
Mullard, A. J., Wehner, S., Maddox, K., Majid, A., & Paul Coverdell National Acute Stroke
Registry Michigan Prototype Investigators. (2006). IV tissue plasminogen activator use in
acute stroke: Experience from a statewide registry. Neurology, 66(3), 306-312. https://doi.
org/10.1212/01.wnl.0000196478.77152.fc

Di Carlo, A., Lamassa, M., Baldereschi, M., Pracucci, G., Basile, A. M., Wolfe, C. D. A., Giroud,
M., Rudd, A., Ghetti, A., & Inzitari, D. (2003). Sex differences in the clinical presentation,
resource use, and 3-month outcome of acute stroke in Europe. Stroke, 34(5), 1114-1119.
https://doi.org/10.1161/01.str.0000068410.07397.d7

Dong, L., Sanchez, B. N., Skolarus, L. E., Stulberg, E., Morgenstern, L. B., & Lisabeth,
L. D. (2020). Sex difference in prevalence of depression after stroke. Neurology, 94(19),
e1973-e1983. https://doi.org/10.1212/wnl.0000000000009394

Eggink, E., Moll Van Charante, E. P., Van Gool, W. A., & Richard, E. (2019). A population
perspective on prevention of dementia. Journal of Clinical Medicine, 8(6), 834. https://doi.
org/10.3390/jcm8060834

El Husseini, N., Katzan, I. L., Rost, N. S., Blake, M. L., Byun, E., Pendlebury, S. T., Aparicio, H. J.,
Marquine, M. J., Gottesman, R. F., & Smith, E. E. (2023). Cognitive impairment after ischemic
and hemorrhagic stroke: A scientific statement from the American Heart Association/American
Stroke Association. Stroke, 54(6), e272—-e291. https://doi.org/10.1161/str.0000000000000430

Elgendy, . Y., Bukhari, S., Barakat, A. F., Pepine, C.J., Lindley, K. J., & Miller, E. C. (2021). Maternal
stroke. Circulation, 143(7), 727-738. https://doi.org/10.1161/circulationaha.120.051460

Emdin, C. A., Wong, C. X., Hsiao, A. J., Altman, D. G., Peters, S. A., Woodward, M., & Odutayo,
A. A. (2016). Atrial fibrillation as risk factor for cardiovascular disease and death in women
compared with men: Systematic review and meta-analysis of cohort studies. BMJ, 532, h7013.
https://doi.org/10.1136/bm;j.h7013

Exalto, L. G., Weaver, N. A., Kuijf, H. J., Aben, H. P.,, Bae, H.-J., Best, J. G., Bordet, R., Chen,
C. P.L. H.,, Van Der Giessen, R. S., Godefroy, O., Gyanwali, B., Hamilton, O. K. L., Hilal, S.,
Huenges Wajer, I. M. C., Kim, J., Kappelle, L. J., Kim, B. J., Kohler, S., De Kort, P. L. M.,
et al. (2023). Sex differences in poststroke cognitive Impairment: A multicenter study in
2343 patients with acute ischemic stroke. Stroke, 54(9), 2296-2303. https://doi.org/10.1161/
strokeaha.123.042507

Fernando, S. M., Qureshi, D., Talarico, R., Tanuseputro, P., Dowlatshahi, D., Sood, M. M., Smith,
E.E., Hill, M. D.,McCredie, V. A., Scales, D. C., English, S. W., Rochwerg, B., & Kyeremanteng,
K. (2021). Intracerebral hmorrhage Inicidence, mortality, and association with oral anticoagu-
lation use. Stroke, 52(5), 1673—1681. https://doi.org/10.1161/strokeaha.120.032550

Flaherty, M. L., Woo, D., & Broderick, J. (2006). The incidence of deep and lobar intracere-
bral hemorrhage in whites, blacks, and Hispanics. Neurology, 66(6), 956-957; author reply
956-957. https://doi.org/10.1212/01.wnl.0000218670.19577.4c

Foroughi, M., Akhavanzanjani, M., Maghsoudi, Z., Ghiasvand, R., Khorvash, F., & Askari,
G. (2013). Stroke and nutrition: A review of studies. International Journal of Preventative
Medicine, 4(Suppl 2), S165-S179. Retrieved from https://www.ncbi.nlm.nih.gov/
pubmed/23776719

Fuentes, A. M., Stone Mcguire, L., & Amin-Hanjani, S. (2022). Sex differences in cerebral
aneurysms and subarachnoid hemorrhage. Stroke, 53(2), 624-633. https://doi.org/10.1161/
strokeaha.121.037147

Galovic, M., Ferreira-Atuesta, C., Abraira, L., Dohler, N., Sinka, L., Brigo, F., Bentes, C., Zelano,
J., & Koepp, M. J. (2021). Seizures and epilepsy after stroke: Epidemiology, biomarkers and
management. Drugs & Aging, 38(4), 285-299. https://doi.org/10.1007/s40266-021-00837-7


https://doi.org/10.1161/str.0000000000000086
https://doi.org/10.1161/str.0000000000000086
https://doi.org/10.1161/strokeaha.111.000134
https://doi.org/10.1161/strokeaha.111.000134
https://doi.org/10.1212/01.wnl.0000196478.77152.fc
https://doi.org/10.1212/01.wnl.0000196478.77152.fc
https://doi.org/10.1161/01.str.0000068410.07397.d7
https://doi.org/10.1212/wnl.0000000000009394
https://doi.org/10.3390/jcm8060834
https://doi.org/10.3390/jcm8060834
https://doi.org/10.1161/str.0000000000000430
https://doi.org/10.1161/circulationaha.120.051460
https://doi.org/10.1136/bmj.h7013
https://doi.org/10.1161/strokeaha.123.042507
https://doi.org/10.1161/strokeaha.123.042507
https://doi.org/10.1161/strokeaha.120.032550
https://doi.org/10.1212/01.wnl.0000218670.19577.4c
https://www.ncbi.nlm.nih.gov/pubmed/23776719
https://www.ncbi.nlm.nih.gov/pubmed/23776719
https://doi.org/10.1161/strokeaha.121.037147
https://doi.org/10.1161/strokeaha.121.037147
https://doi.org/10.1007/s40266-021-00837-7

80 A. Gulati and C. Bushnell

Gannon, O. J., Robison, L. S., Custozzo, A. J., & Zuloaga, K. L. (2019). Sex differences in
risk factors for vascular contributions to cognitive impairment & dementia. Neurochemistry
International, 127, 38-55. https://doi.org/10.1016/j.neuint.2018.11.014

Garawi, F., Devries, K., Thorogood, N., & Uauy, R. (2014). Global differences between women
and men in the prevalence of obesity: Is there an association with gender inequality? European
Journal of Clinical Nutrition, 68(10), 1101-1106. https://doi.org/10.1038/ejcn.2014.86

Gardener, H., Sacco, R. L., Rundek, T., Battistella, V., Cheung, Y. K., & Elkind, M. S. V. (2020).
Race and ethnic disparities in stroke incidence in the Northern Manhattan Study. Stroke, 51(4),
1064-1069. https://doi.org/10.1161/strokeaha.119.028806

Gargano, J. W.,, Wehner, S., & Reeves, M. J. (2009). Do presenting symptoms explain sex dif-
ferences in emergency department delays among patients with acute stroke? Stroke, 40(4),
1114-1120. https://doi.org/10.1161/strokeaha.108.543116

Ghozy, S., Zayan, A. H., El-Qushayri, A. E., Parker, K. E., Varney, J., Kallmes, K. M., Morsy, S.,
Abbas, A. S., Diestro, J. D. B., Dmytriw, A. A., Shah, J., Hassan, A. E., & Islam, S. M. S. (2022).
Physical activity level and stroke risk in US population: A matched case—control study of
102,578 individuals. Annals of Clinical and Translational Neurology, 9(3), 264-275. https://
doi.org/10.1002/acn3.51511

Gnatiuc, L., Herrington, W., Halsey, J., Tuomilehto, J., Fang, X., Kim, H., De Bacquer, D., Dobson,
A., Criqui, M., Jacobs, D., Leon, D., Peters, S., Ueshima, H., Sherliker, P., Peto, R., Collins,
R., Huxley, R., Emberson, J., Woodward, M., et al. (2018). Sex-specific relevance of diabe-
tes to occlusive vascular and other mortality: A collaborative meta-analysis of individual data
from 980 793 adults from 68 prospective studies. The Lancet Diabetes & Endocrinology, 6(7),
538-546. https://doi.org/10.1016/s2213-8587(18)30079-2

Goyal, M., Menon, B. K., van Zwam, W. H., Dippel, D. W., Mitchell, P. J., Demchuk, A. M.,
Davalos, A., Majoie, C. B., van der Lugt, A., de Miquel, M. A., Donnan, G. A., Roos, Y. B.,
Bonafe, A., Jahan, R., Diener, H. C., van den Berg, L. A., Levy, E. 1., Berkhemer, O. A.,
Pereira, V. M, et al. (2016). Endovascular thrombectomy after large-vessel ischaemic stroke:
A meta-analysis of individual patient data from five randomised trials. Lancet, 387(10029),
1723-1731. https://doi.org/10.1016/S0140-6736(16)00163-X

Gunda, B., Hervé, D., Godin, O., Bruno, M., Reyes, S., Alili, N., Opherk, C., Jouvent, E., Diiring,
M., Bousser, M.-G., Dichgans, M., & Chabriat, H. (2012). Effects of gender on the phenotype
of CADASIL. Stroke, 43(1), 137-141. https://doi.org/10.1161/strokeaha.111.631028

Hackett, M. L., & Pickles, K. (2014). Part I: Frequency of depression after stroke: An updated
systematic review and meta-analysis of observational studies. International Journal of Stroke,
9(8), 1017-1025. https://doi.org/10.1111/ijs.12357

Hogervorst, E., Williams, J., Budge, M., Riedel, W., & Jolles, J. (2000). The nature of the effect
of female gonadal hormone replacement therapy on cognitive function in post-menopausal
women: A meta-analysis. Neuroscience, 101(3), 485-512. https://doi.org/10.1016/
50306-4522(00)00410-3

Hung, S.-K., Lee, M.-S., Lin, H.-Y., Chen, L.-C., Chuang, C.-J., Chew, C.-H., Yu, B.-H., Yang,
H.-J., Hsu, F.-C., & Chiou, W.-Y. (2022). Impact of hypertensive disorders of pregnancy on
the risk of stroke stratified by subtypes and follow-up time. Stroke, 53(2), 338-344. https://doi.
org/10.1161/strokeaha.121.034109

Johansson, T., Fowler, P., Ek, W. E., Skalkidou, A., Karlsson, T., & Johansson, A. (2022). Oral con-
traceptives, hormone replacement therapy, and stroke risk. Stroke, 53(10), 3107-3115. https://
doi.org/10.1161/strokeaha.121.038659

John Hopkins Medicine. (2024). Types of stroke. Retrieved from https://www.hopkinsmedicine.
org/health/conditions-and-diseases/stroke/types-of-stroke

Jungehulsing, G. J., Rossnagel, K., Nolte, C. H., Muller-Nordhorn, J., Roll, S., Klein, M.,
Wegscheider, K., Einhaupl, K. M., Willich, S. N., & Villringer, A. (2006). Emergency depart-
ment delays in acute stroke: Analysis of time between ED arrival and imaging. European

Journal of Neurology, 13(3), 225-232. https://doi.org/10.1111/j.1468-1331.2006.01170.x


https://doi.org/10.1016/j.neuint.2018.11.014
https://doi.org/10.1038/ejcn.2014.86
https://doi.org/10.1161/strokeaha.119.028806
https://doi.org/10.1161/strokeaha.108.543116
https://doi.org/10.1002/acn3.51511
https://doi.org/10.1002/acn3.51511
https://doi.org/10.1016/s2213-8587(18)30079-2
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1161/strokeaha.111.631028
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1016/s0306-4522(00)00410-3
https://doi.org/10.1016/s0306-4522(00)00410-3
https://doi.org/10.1161/strokeaha.121.034109
https://doi.org/10.1161/strokeaha.121.034109
https://doi.org/10.1161/strokeaha.121.038659
https://doi.org/10.1161/strokeaha.121.038659
https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/types-of-stroke
https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/types-of-stroke
https://doi.org/10.1111/j.1468-1331.2006.01170.x

3 Stroke and Vascular Dementia 81

Kalaria, R. N., Akinyemi, R., & lhara, M. (2016). Stroke injury, cognitive impairment and vas-
cular dementia. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease, 1862(5),
915-925. https://doi.org/10.1016/j.bbadis.2016.01.015

Kamel, F., & Hoppin, J. A. (2004). Association of pesticide exposure with neurologic dysfunction
and disease. Environmental Health Perspectives, 112(9), 950-958. https://doi.org/10.1289/
ehp.7135

Kelly-Hayes, M., Beiser, A., Kase, C. S., Scaramucci, A., D’ Agostino, R. B., & Wolf, P. A. (2003).
The influence of gender and age on disability following ischemic stroke: The Framingham
study. Journal of Stroke and Cerebrovascular Disease, 12(3), 119-126.

Kennedy, B. S. (2005). Does race predict stroke readmission? An analysis using the truncated
negative binomial model. Journal of the National Medicine Association, 97, 699-713. https://
doi.org/10.1016/S1052-3057(03)00042-9

Killin, L. O. J., Starr, J. M., Shiue, I. J., & Russ, T. C. (2016). Environmental risk factors for
dementia: A systematic review. BMC Geriatrics, 16(1), 175. https://doi.org/10.1186/
s12877-016-0342-y

Kim, M., & Lee, Y.-H. (2023). Gender differences in the risk of depression in community-dwelling
stroke survivors compared to the general population without stroke. Chonnam Medical Journal,
59(2), 134. https://doi.org/10.4068/cm;j.2023.59.2.134

Ko, D., Rahman, F., Schnabel, R. B., Yin, X., Benjamin, E. J., & Christophersen, 1. E. (2016).
Atrial fibrillation in women: Epidemiology, pathophysiology, presentation, and prognosis.
Nature Reviews Cardiology, 13(6), 321-332. https://doi.org/10.1038/nrcardio.2016.45

Korczyn, A. D., Vakhapova, V., & Grinberg, L. T. (2012). Vascular dementia. Journal of the
Neurological Sciences, 322(1-2), 2-10. https://doi.org/10.1016/j.jns.2012.03.027

Kroll, M. E., Green, J., Beral, V., Sudlow, C. L. M., Brown, A., Kirichek, O., Price, A., Yang, T. O.,
& Reeves, G. K. (2016). Adiposity and ischemic and hemorrhagic stroke. Neurology, 87(14),
1473-1481. https://doi.org/10.1212/wnl.0000000000003171

Kurth, T., Everett, B. M., Buring, J. E., Kase, C. S., Ridker, P. M., & Gaziano, J. M. (2007).
Lipid levels and the risk of ischemic stroke in women. Neurology, 68(8), 556-562. https://doi.
org/10.1212/01.wnl.0000254472.41810.0d

Lacy, C. R., Suh, D.-C., Bueno, M., & Kostis, J. B. (2001). Delay in presentation and evaluation
for acute stroke. Stroke, 32(1), 63—69. https://doi.org/10.1161/01.str.32.1.63

Ladwig, S., Werheid, K., Stidmeyer, M., & Volz, M. (2023). Predictors of post-stroke depression:
Validation of established risk factors and introduction of a dynamic perspective in two longitu-
dinal studies. Frontiers in Psychiatry, 14, 1093918. https://doi.org/10.3389/fpsyt.2023.1093918

Lechner, H., & Bertha, G. (1991). Multiinfarct dementia. In V. Springer (Ed.), Age-associated
neurological diseases. Springer.

Lee, M. J., Lee, C., & Chung, C.-S. (2016). The migraine—stroke connection. Journal of Stroke,
18(2), 146-156. https://doi.org/10.5853/j0s.2015.01683

Leffert, L. R., Clancy, C. R., Bateman, B. T., Bryant, A. S., & Kuklina, E. V. (2015). Hypertensive
disorders and pregnancy-related stroke. Obstetrics & Gynecology, 125(1), 124—131. https://doi.
org/10.1097/a0g.0000000000000590

Leppert, M. H., Ho, P. M., Burke, J., Madsen, T. E., Kleindorfer, D., Sillau, S., Daugherty, S.,
Bradley, C. J., & Poisson, S. N. (2020). Young women had more strokes than young men
in a large, United States claims sample. Stroke, 51(11), 3352-3355. https://doi.org/10.1161/
strokeaha.120.030803

Lisabeth, L. D., Smith, M. A., Brown, D. L., Moyé¢, L. A., Risser, J. M. H., & Morgenstern,
L. B. (2006). Ethnic differences in stroke recurrence. Annals of Neurology, 60(4), 469-475.
https://doi.org/10.1002/ana.20943

Liu, S., Chan, W.-S., Ray, J. G., Kramer, M. S., & Joseph, K. S. (2019). Stroke and cerebrovascular
disease in pregnancy. Stroke, 50(1), 13-20. https://doi.org/10.1161/strokeaha.118.023118

Lucca, U., Tettamanti, M., Tiraboschi, P., Logroscino, G., Landi, C., Sacco, L., Garri, M.,
Ammesso, S., Biotti, A., Gargantini, E., Piedicorcia, A., Mandelli, S., Riva, E., Galbussera,
A. A, & Recchia, A. (2020). Incidence of dementia in the oldest-old and its relationship with


https://doi.org/10.1016/j.bbadis.2016.01.015
https://doi.org/10.1289/ehp.7135
https://doi.org/10.1289/ehp.7135
https://doi.org/10.1016/S1052-3057(03)00042-9
https://doi.org/10.1016/S1052-3057(03)00042-9
https://doi.org/10.1186/s12877-016-0342-y
https://doi.org/10.1186/s12877-016-0342-y
https://doi.org/10.4068/cmj.2023.59.2.134
https://doi.org/10.1038/nrcardio.2016.45
https://doi.org/10.1016/j.jns.2012.03.027
https://doi.org/10.1212/wnl.0000000000003171
https://doi.org/10.1212/01.wnl.0000254472.41810.0d
https://doi.org/10.1212/01.wnl.0000254472.41810.0d
https://doi.org/10.1161/01.str.32.1.63
https://doi.org/10.3389/fpsyt.2023.1093918
https://doi.org/10.5853/jos.2015.01683
https://doi.org/10.1097/aog.0000000000000590
https://doi.org/10.1097/aog.0000000000000590
https://doi.org/10.1161/strokeaha.120.030803
https://doi.org/10.1161/strokeaha.120.030803
https://doi.org/10.1002/ana.20943
https://doi.org/10.1161/strokeaha.118.023118

82 A. Gulati and C. Bushnell

age: The Monzino 80-plus population-based study. Alzheimer’s & Dementia, 16(3), 472-481.
https://doi.org/10.1016/j.jalz.2019.09.083

Luhdorf, K., Jensen, L. K., & Plesner, A. M. (1986). Etiology of seizures in the elderly. Epilepsia,
27(4), 458-463. https://doi.org/10.1111/j.1528-1157.1986.tb03567.x

Lutfiyya, M. N., Ng, L., Asner, N., & Lipsky, M. S. (2009). Disparities in stroke symptomol-
ogy knowledge among US midlife women: An analysis of population survey data. Journal
of Stroke and Cerebrovascular Diseases, 18(2), 150-157. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2008.09.009

Madsen, T. E., Howard, G., Kleindorfer, D. O., Furie, K. L., Oparil, S., Manson, J. E., Liu, S., &
Howard, V. J. (2019). Sex differences in hypertension and stroke risk in the REGARDS Study.
Hypertension, 74(4), 749-755. https://doi.org/10.1161/hypertensionaha.119.12729

Manson, J. E., Chlebowski, R. T., Stefanick, M. L., Aragaki, A. K., Rossouw, J. E., Prentice, R. L.,
Anderson, G., Howard, B. V., Thomson, C. A., Lacroix, A. Z., Wactawski-Wende, J., Jackson,
R. D., Limacher, M., Margolis, K. L., Wassertheil-Smoller, S., Beresford, S. A., Cauley, J. A.,
Eaton, C. B., Gass, M., et al. (2013). Menopausal hormone therapy and health outcomes
during the intervention and extended poststopping phases of the Women’s Health Initiative
Randomized Trials. JAMA, 310(13), 1353. https://doi.org/10.1001/jama.2013.278040

Mayer, S. A., Kreiter, K. T., Copeland, D., Bernardini, G. L., Bates, J. E., Peery, S., Claassen,
J., Du, Y. E., & Connolly, E. S., Jr. (2002). Global and domain-specific cognitive impairment
and outcome after subarachnoid hemorrhage. Neurology, 59(11), 1750-1758. https://doi.
org/10.1212/01.wnl.0000035748.91128.c2

McKay, E., & Scott, S. E. (2017). Multi-infarct dementia: A historical perspective. Dementia and
Geriatric Cognitive Disorders Extra, 7(1), 160-171. https://doi.org/10.1159/000470836

Miller, E. C., & Leffert, L. (2020). Stroke in pregnancy: A focused update. Anesthesia & Analgesia,
130(4), 1085-1096. https://doi.org/10.1213/ANE.0000000000004203

Mills, K. T., Bundy, J. D., Kelly, T. N., Reed, J. E., Kearney, P. M., Reynolds, K., Chen, J., &
He, J. (2016). Global disparities of hypertension prevalence and control. Circulation, 134(6),
441-450. https://doi.org/10.1161/circulationaha.115.018912

Mishra, S. R., Chung, H.-F., Waller, M., Dobson, A. J., Greenwood, D. C., Cade, J. E., Giles,
G. G., Bruinsma, F., Simonsen, M. K., Hardy, R., Kuh, D., Gold, E. B., Crawford, S. L., Derby,
C. A., Matthews, K. A., Demakakos, P., Lee, J. S., Mizunuma, H., Hayashi, K., et al. (2020).
Association between reproductive life span and incident nonfatal cardiovascular disease. JAMA
Cardiology, 5(12), 1410. https://doi.org/10.1001/jamacardio.2020.4105

Molero, A. E., Pino-Ramirez, G., & Maestre, G. E. (2001). Modulation by age and gender of risk
for Alzheimer’s disease and vascular dementia associated with the apolipoprotein E-epsilon4
allele in Latin Americans: Findings from the Maracaibo Aging Study. Neuroscience Letters,
307(1), 5-8. https://doi.org/10.1016/s0304-3940(01)01911-5

Morgenstern, L. B., Smith, M. A,, Lisabeth, L. D., Risser, J. M., Uchino, K., Garcia, N., Longwell,
P. J., McFarling, D. A., Akuwumi, O., Al-Wabil, A., Al-Senani, F., Brown, D. L., & Moye,
L. A. (2004). Excess stroke in Mexican Americans compared with non-Hispanic Whites: The
brain attack surveillance in Corpus Christi project. American Journal of Epidemiology, 160(4),
376-383. https://doi.org/10.1093/aje/kwh225

Moulin, S., Labreuche, J., Bombois, S., Rossi, C., Boulouis, G., Henon, H., Duhamel, A., Leys,
D., & Cordonnier, C. (2016). Dementia risk after spontaneous intracerebral haemorrhage:
A prospective cohort study. Lancet Neurology, 15(8), 820-829. https://doi.org/10.1016/
S1474-4422(16)00130-7

Nanna, M. G., Wang, T. Y., Xiang, Q., Goldberg, A. C., Robinson, J. G., Roger, V. L., Virani, S. S.,
Wilson, P. W. E,, Louie, M. J., Koren, A., Li, Z., Peterson, E. D., & Navar, A. M. (2019). Sex
differences in the use of statins in community practice. Circulation: Cardiovascular Quality
and Outcomes, 12(8), €005562. https://doi.org/10.1161/circoutcomes.118.005562

Nicol, M. B., & Thrift, A. G. (2005). Knowledge of risk factors and warning signs of stroke. Vascular
Health and Risk Management, 1(2), 137-147. https://doi.org/10.2147/vhrm.1.2.137.64085

NIH. (2001). Strong Heart Study Data Book: A report to American Indian Communities.


https://doi.org/10.1016/j.jalz.2019.09.083
https://doi.org/10.1111/j.1528-1157.1986.tb03567.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2008.09.009
https://doi.org/10.1016/j.jstrokecerebrovasdis.2008.09.009
https://doi.org/10.1161/hypertensionaha.119.12729
https://doi.org/10.1001/jama.2013.278040
https://doi.org/10.1212/01.wnl.0000035748.91128.c2
https://doi.org/10.1212/01.wnl.0000035748.91128.c2
https://doi.org/10.1159/000470836
https://doi.org/10.1213/ANE.0000000000004203
https://doi.org/10.1161/circulationaha.115.018912
https://doi.org/10.1001/jamacardio.2020.4105
https://doi.org/10.1016/s0304-3940(01)01911-5
https://doi.org/10.1093/aje/kwh225
https://doi.org/10.1016/S1474-4422(16)00130-7
https://doi.org/10.1016/S1474-4422(16)00130-7
https://doi.org/10.1161/circoutcomes.118.005562
https://doi.org/10.2147/vhrm.1.2.137.64085

3 Stroke and Vascular Dementia 83

O’Donnell, M. J., Xavier, D., Liu, L., Zhang, H., Chin, S. L., Rao-Melacini, P, et al. (2010).
Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the
INTERSTROKE study): A case-control study. The Lancet, 376(9735), 112—123.

Ouyang, M., Shajahan, S., Liu, X., Sun, L., Carcel, C., Harris, K., Anderson, C. S., Woodward,
M., & Wang, X. (2023). Sex differences in the utilization and outcomes of endovascular treat-
ment after acute ischemic stroke: A systematic review and meta-analysis. Frontiers in Global
Women’s Health, 3, 1032592. https://doi.org/10.3389/fgwh.2022.1032592

Pan, B., Jin, X., Jun, L., Qiu, S., Zheng, Q., & Pan, M. (2019). The relationship between smoking
and stroke: A meta-analysis. Medicine (Baltimore), 98(12), ¢14872. https://doi.org/10.1097/
MD.0000000000014872

Papakonstantinou, E., Bacopoulou, F., Brouzas, D., Megalooikonomou, V., D'Elia, D., Bongcam-
Rudloff, E., & Vlachakis, D. (2019). NOTCH3 and CADASIL syndrome: A genetic and struc-
tural overview. EMBnet.Journal, 24, €921. https://doi.org/10.14806/ej.24.0.921

Pendlebury, S. T. (2009). Stroke-related dementia: Rates, risk factors and implications for future
research. Maturitas, 64(3), 165-171. https://doi.org/10.1016/j.maturitas.2009.09.010

Pendlebury, S. T., & Rothwell, P. M. (2009). Prevalence, incidence, and factors associated with
pre-stroke and post-stroke dementia: A systematic review and meta-analysis. Lancet Neurology,
8(11), 1006-1018. https://doi.org/10.1016/S1474-4422(09)70236-4

Peters, S. A. E., Huxley, R. R., & Woodward, M. (2013). Comparison of the sex-specific asso-
ciations between systolic blood pressure and the risk of cardiovascular disease. Stroke, 44(9),
2394-2401. https://doi.org/10.1161/strokeaha.113.001624

Peters, S. A., Huxley, R. R., & Woodward, M. (2014). Diabetes as a risk factor for stroke in women
compared with men: A systematic review and meta-analysis of 64 cohorts, including 775,385
individuals and 12,539 strokes. Lancet, 383(9933), 1973-1980. https://doi.org/10.1016/
S0140-6736(14)60040-4

Peters, S. A. E., Muntner, P., & Woodward, M. (2019). Sex differences in the prevalence of, and
trends in, cardiovascular risk factors, treatment, and control in the United States, 2001 to 2016.
Circulation, 139(8), 1025-1035. https://doi.org/10.1161/circulationaha.118.035550

Peters, S. A. E., Carcel, C., Millett, E. R. C., & Woodward, M. (2020). Sex differences in the
association between major risk factors and the risk of stroke in the UK Biobank cohort study.
Neurology, 95(20), €2715-e2726. https://doi.org/10.1212/WNL.0000000000010982

Phan, H. T, Blizzard, C. L., Reeves, M. J., Thrift, A. G., Cadilhac, D., Sturm, J., Heeley, E., Otahal,
P., Konstantinos, V., Anderson, C., Parmar, P., Krishnamurthi, R., Barker-Collo, S., Feigin, V.,
Bejot, Y., Cabral, N. L., Carolei, A., Sacco, S., Chausson, N., et al. (2017). Sex differences in
long-term mortality after stroke in the INSTRUCT (INternational STRoke oUtComes sTudy).
Circulation: Cardiovascular Quality and Outcomes, 10(2), e003436. https://doi.org/10.1161/
circoutcomes.116.003436

Pinkerton, J. V. (2020). Hormone therapy for postmenopausal women. New England Journal of
Medicine, 382(5), 446—455. https://doi.org/10.1056/nejmcp 1714787

Pinkston, J. B., Alekseeva, N., & Gonzalez Toledo, E. (2009). Stroke and dementia. Neurology
Research, 31(8), 824-831. https://doi.org/10.1179/016164109X12445505689643

Podcasy, J. L., & Epperson, C. N. (2016). Considering sex and gender in Alzheimer disease and
other dementias. Dialogues in Clinical Neuroscience, 18(4), 437-446. https://doi.org/10.31887/
dcns.2016.18.4/cepperson

Poorthuis, M. H., Algra, A. M., Algra, A., Kappelle, L. J., & Klijn, C. J. (2017). Female- and male-
specific risk factors for stroke: A systematic review and meta-analysis. JAMA Neurology, 74(1),
75-81. https://doi.org/10.1001/jamaneurol.2016.3482

Poorthuis, M. H. F,, Yao, P., Chen, Y., Guo, Y., Shi, L., Li, L., Chen, Z., Clarke, R., Yang, L., Chen,
J., Collins, R., Lv, J., Peto, R., Walters, R., Avery, D., Bennett, D., Boxall, R., Bragg, F., Chang,
Y., et al. (2022). Risks of stroke and heart disease following hysterectomy and oophorec-
tomy in Chinese premenopausal women. Stroke, 53(10), 3064-3071. https://doi.org/10.1161/
strokeaha.121.037305


https://doi.org/10.3389/fgwh.2022.1032592
https://doi.org/10.1097/MD.0000000000014872
https://doi.org/10.1097/MD.0000000000014872
https://doi.org/10.14806/ej.24.0.921
https://doi.org/10.1016/j.maturitas.2009.09.010
https://doi.org/10.1016/S1474-4422(09)70236-4
https://doi.org/10.1161/strokeaha.113.001624
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.1161/circulationaha.118.035550
https://doi.org/10.1212/WNL.0000000000010982
https://doi.org/10.1161/circoutcomes.116.003436
https://doi.org/10.1161/circoutcomes.116.003436
https://doi.org/10.1056/nejmcp1714787
https://doi.org/10.1179/016164109X12445505689643
https://doi.org/10.31887/dcns.2016.18.4/cepperson
https://doi.org/10.31887/dcns.2016.18.4/cepperson
https://doi.org/10.1001/jamaneurol.2016.3482
https://doi.org/10.1161/strokeaha.121.037305
https://doi.org/10.1161/strokeaha.121.037305

84 A. Gulati and C. Bushnell

Powers, W. J., Rabinstein, A. A., Ackerson, T., Adeoye, O. M., Bambakidis, N. C., Becker, K.,
Biller, J., Brown, M., Demaerschalk, B. M., Hoh, B., Jauch, E. C., Kidwell, C. S., Leslie-
Mazwi, T. M., Ovbiagele, B., Scott, P. A., Sheth, K. N., Southerland, A. M., Summers, D. V., &
Tirschwell, D. L. (2019). Guidelines for the early management of patients with acute ischemic
stroke: 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic
Stroke: A Guideline for Healthcare Professionals from the American Heart Association/
American Stroke. Stroke, 50(12), e344—e418. https://doi.org/10.1161/str.000000000000021 1

Rai, S., Pathak, A., & Sharma, I. (2015). Postpartum psychiatric disorders: Early diagno-
sis and management. Indian Journal of Psychiatry, 57(Suppl 2), S216-S221. https://doi.
org/10.4103/0019-5545.161481

Rasmussen, K. L., Tybjerg-Hansen, A., Nordestgaard, B. G., & Frikke-Schmidt, R. (2018).
Absolute 10-year risk of dementia by age, sex and APOE genotype: A population-based
cohort study. Canadian Medical Association Journal, 190(35), E1033—-E1041. https://doi.
org/10.1503/cmaj.180066

Reed, S. D., Cramer, S. C., Blough, D. K., Meyer, K., & Jarvik, J. G. (2001). Treatment with tissue
plasminogen activator and inpatient mortality rates for patients with ischemic stroke treated in
community hospitals. Stroke, 32(8), 1832—1840. https://doi.org/10.1161/01.str.32.8.1832

Reeves, M., Bhatt, A., Jajou, P, Brown, M., & Lisabeth, L. (2009a). Sex differences in the use of
intravenous rt-PA thrombolysis treatment for acute ischemic stroke. Stroke, 40(5), 1743-1749.
https://doi.org/10.1161/strokeaha.108.543181

Reeves, M. J., Fonarow, G. C., Zhao, X., Smith, E. E., & Schwamm, L. H. (2009b). Quality of care
in women with ischemic stroke in the GWTG Program. Stroke, 40(4), 1127-1133. https://doi.
org/10.1161/strokeaha.108.543157

Reid, J. M., Dai, D., Gubitz, G. J., Kapral, M. K., Christian, C., & Phillips, S. J. (2008). Gender
differences in stroke examined in a 10-Year cohort of patients admitted to a Canadian teaching
hospital. Stroke, 39(4), 1090-1095. https://doi.org/10.1161/strokeaha.107.495143

Rexrode, K. M., Madsen, T. E., Yu, A. Y. X., Carcel, C., Lichtman, J. H., & Miller, E. C. (2022).
The impact of sex and gender on stroke. Circulation Research, 130(4), 512-528. https://doi.
org/10.1161/CIRCRESAHA.121.319915

Robusto-Leitao, O., & Ferreira, H. (2006). Hormones and dementia: A comparative study of hor-
monal impairment in post-menopausal women, with and without dementia. Neuropsychiatric
Disease and Treatment, 2(2), 199-206. https://doi.org/10.2147/nedt.2006.2.2.199

Roger, V. L., Go, A. S., Lloyd-Jones, D. M., Benjamin, E. J., Berry, J. D., Borden, W. B., Bravata,
D. M., Dai, S., Ford, E. S., Fox, C. S., Fullerton, H. J., Gillespie, C., Hailpern, S. M., Heit,
J. A., Howard, V. J., Kissela, B. M., Kittner, S. J., Lackland, D. T., Lichtman, J. H., et al. (2012).
Heart disease and stroke statistics—2012 update. Circulation, 125(1), e2—e220. https://doi.
org/10.1161/cir.0b013e31823ac046

Roman, G. (2003). Vascular dementia: A historical background. International Psychogeriatrics,
15(S1), 11-13. https://doi.org/10.1017/S1041610203008901

Roquer, J., Campello, A. R., & Gomis, M. (2003). Sex differences in first-ever acute stroke. Stroke,
34(7), 1581-1585.

Rose, K. M., Rosamond, W. D., Huston, S. L., Murphy, C. V., & Tegeler, C. H. (2008). Predictors
of time from hospital arrival to initial brain-imaging among suspected stroke patients. Stroke,
39(12), 3262-3267. https://doi.org/10.1161/strokeaha.108.524686

Ruitenberg, A., Ott, A., van Swieten, J. C., Hofman, A., & Breteler, M. M. (2001). Incidence of
dementia: Does gender make a difference? Neurobiological Aging, 22(4), 575-580. https://doi.
org/10.1016/s0197-4580(01)00231-7

Salvadori, E., Papi, G., Insalata, G., Rinnoci, V., Donnini, I., Martini, M., Falsini, C., Hakiki,
B., Romoli, A., Barbato, C., Polcaro, P., Casamorata, F., Macchi, C., Cecchi, F., & Poggesi,
A. (2020). Comparison between ischemic and hemorrhagic strokes in functional outcome
at discharge from an intensive rehabilitation hospital. Diagnostics, 11(1), 38. https://doi.
org/10.3390/diagnostics 11010038


https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.4103/0019-5545.161481
https://doi.org/10.4103/0019-5545.161481
https://doi.org/10.1503/cmaj.180066
https://doi.org/10.1503/cmaj.180066
https://doi.org/10.1161/01.str.32.8.1832
https://doi.org/10.1161/strokeaha.108.543181
https://doi.org/10.1161/strokeaha.108.543157
https://doi.org/10.1161/strokeaha.108.543157
https://doi.org/10.1161/strokeaha.107.495143
https://doi.org/10.1161/CIRCRESAHA.121.319915
https://doi.org/10.1161/CIRCRESAHA.121.319915
https://doi.org/10.2147/nedt.2006.2.2.199
https://doi.org/10.1161/cir.0b013e31823ac046
https://doi.org/10.1161/cir.0b013e31823ac046
https://doi.org/10.1017/S1041610203008901
https://doi.org/10.1161/strokeaha.108.524686
https://doi.org/10.1016/s0197-4580(01)00231-7
https://doi.org/10.1016/s0197-4580(01)00231-7
https://doi.org/10.3390/diagnostics11010038
https://doi.org/10.3390/diagnostics11010038

3 Stroke and Vascular Dementia 85

Schurks, M., Rist, P. M., Bigal, M. E., Buring, J. E., Lipton, R. B., & Kurth, T. (2009). Migraine
and cardiovascular disease: Systematic review and meta-analysis. BMJ, 339, b3914-b3914.
https://doi.org/10.1136/bmj.b3914

Sierra, C. (2020). Hypertension and the risk of dementia. Frontiers in Cardiovascular Medicine, 7,
5. https://doi.org/10.3389/fcvm.2020.00005

Singhal, S. (2004). The influence of genetic and cardiovascular risk factors on the CADASIL phe-
notype. Brain, 127(9), 2031-2038. https://doi.org/10.1093/brain/awh223

Springer, M. V., Schmidt, J. M., Wartenberg, K. E., Frontera, J. A., Badjatia, N., & Mayer,
S. A. (2009). Predictors of global cognitive impairment 1 year after subarachnoid hemor-
rhage. Neurosurgery, 65(6), 1043—-1050; discussion 1050-1041. https://doi.org/10.1227/01.
NEU.0000359317.15269.20

Strong, B., Lisabeth, L. D., & Reeves, M. (2020). Sex differences in IV thrombolysis treatment
for acute ischemic stroke: A systematic review and meta-analysis. Neurology, 95(1), el 1—-e22.
https://doi.org/10.1212/WNL.0000000000009733

Sullivan-Baca, E., Modiano, Y. A., McKenney, K. M., & Carlew, A. R. (2024). Pregnancy-related
stroke through a neuropsychology lens. Clinical Neuropsychology, 38(6), 1293—1312. https://
doi.org/10.1080/13854046.2022.2131631

Thompson, L. E., Maddox, T. M., Lei, L., Grunwald, G. K., Bradley, S. M., Peterson, P. N.,
Masoudi, F. A, Turchin, A., Song, Y., Doros, G., Davis, M. B., & Daugherty, S. L. (2017). Sex
differences in the use of oral anticoagulants for atrial fibrillation: A report from the National
Cardiovascular Data Registry (NCDR®) PINNACLE Registry. Journal of the American Heart
Association, 6(7), €005801. https://doi.org/10.1161/jaha.117.005801

Tomimoto, H. (2011). Subcortical vascular dementia. Neuroscience Research, 71(3), 193—-199.
https://doi.org/10.1016/j.neures.2011.07.1820

Towfighi, A., Ovbiagele, B., El Husseini, N., Hackett, M. L., Jorge, R. E., Kissela, B. M., Mitchell,
P. H., Skolarus, L. E., Whooley, M. A., & Williams, L. S. (2017). Poststroke depression:
A scientific statement for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke, 48(2), STR.000000000000. https://doi.org/10.1161/
str.0000000000000113

Turtzo, L. C., & McCullough, L. D. (2008). Sex differences in stroke. Cerebrovascular Diseases,
26(5), 462-474. https://doi.org/10.1159/000155983

van Asch, C. J.,, Luitse, M. J., Rinkel, G. J., van der Tweel, L., Algra, A., & Klijn, C. J. (2010).
Incidence, case fatality, and functional outcome of intracerebral haemorrhage over time, accord-
ing to age, sex, and ethnic origin: A systematic review and meta-analysis. Lancet Neurology, 9,
167-176. https://doi.org/10.1016/S1474-4422(09)70340-0

Verducci, C., Hussain, F., Donner, E., Moseley, B. D., Buchhalter, J., Hesdorffer, D., Friedman, D.,
& Devinsky, O. (2019). SUDEP in the North American SUDEP Registry: The full spectrum
of epilepsies. Neurology, 93(3), €227-236. https://doi.org/10.1212/WNL.0000000000007778

Vijayan, M., & Reddy, P. H. (2016). Stroke, vascular dementia, and Alzheimer’s disease: Molecular
links. Journal of Alzheimer’s Disease, 54(2), 427-443. https://doi.org/10.3233/jad-160527

Volgman, A. S., Bairey Merz, C. N., Aggarwal, N. T., Bittner, V., Bunch, T. J., Gorelick, P. B.,
Maki, P, Patel, H. N., Poppas, A., Ruskin, J., Russo, A. M., Waldstein, S. R., Wenger, N. K.,
Yaffe, K., & Pepine, C. J. (2019). Sex differences in cardiovascular disease and cognitive
impairment: Another health disparity for women? Journal of the American Heart Association,
8(19), e013154. https://doi.org/10.1161/jaha.119.013154

Wassertheil-Smoller, S. (2010). Stroke in women. Nutrition, Metabolism and Cardiovascular
Diseases, 20(6), 419-425. https://doi.org/10.1016/j.numecd.2010.02.017

Wityk, R. J., & Beauchamp, N. J. (2000). Diagnostic evaluation of stroke. Neurologic Clinics,
18(2), 357-378. https://doi.org/10.1016/s0733-8619(05)70197-3

World Health Organization. (2024). Stroke, cerebrovascular accident. Retrieved from https://
www.emro.who.int/health-topics/stroke-cerebrovascular-accident/index.html

Wau, P, Haththotuwa, R., Kwok, C. S., Babu, A., Kotronias, R. A., Rushton, C., Zaman, A., Fryer,
A. A., Kadam, U., Chew-Graham, C. A., & Mamas, M. A. (2017). Preeclampsia and future


https://doi.org/10.1136/bmj.b3914
https://doi.org/10.3389/fcvm.2020.00005
https://doi.org/10.1093/brain/awh223
https://doi.org/10.1227/01.NEU.0000359317.15269.20
https://doi.org/10.1227/01.NEU.0000359317.15269.20
https://doi.org/10.1212/WNL.0000000000009733
https://doi.org/10.1080/13854046.2022.2131631
https://doi.org/10.1080/13854046.2022.2131631
https://doi.org/10.1161/jaha.117.005801
https://doi.org/10.1016/j.neures.2011.07.1820
https://doi.org/10.1161/str.0000000000000113
https://doi.org/10.1161/str.0000000000000113
https://doi.org/10.1159/000155983
https://doi.org/10.1016/S1474-4422(09)70340-0
https://doi.org/10.1212/WNL.0000000000007778
https://doi.org/10.3233/jad-160527
https://doi.org/10.1161/jaha.119.013154
https://doi.org/10.1016/j.numecd.2010.02.017
https://doi.org/10.1016/s0733-8619(05)70197-3
https://www.emro.who.int/health-topics/stroke-cerebrovascular-accident/index.html
https://www.emro.who.int/health-topics/stroke-cerebrovascular-accident/index.html

86 A. Gulati and C. Bushnell

cardiovascular health. Circulation: Cardiovascular Quality and Outcomes, 10(2), e003497.
https://doi.org/10.1161/circoutcomes.116.003497

Xu, Z., Li, Y., Tang, S., Huang, X., & Chen, T. (2015). Current use of oral contraceptives and
the risk of first-ever ischemic stroke: A meta-analysis of observational studies. Thrombosis
Research, 136(1), 52—60. https://doi.org/10.1016/j.thromres.2015.04.021

Xu, Z., Yue, Y., Bai, J., Shen, C., Yang, J., Huang, X., Zhao, Y., & Li, Y. (2018). Association
between oral contraceptives and risk of hemorrhagic stroke: A meta-analysis of observational
studies. Archives of Gynecology and Obstetrics, 297(5), 1181-1191. https://doi.org/10.1007/
s00404-018-4723-7

Yaffe, K., Sawaya, G., Lieberburg, 1., & Grady, D. (1998). Estrogen therapy in postmenopausal
women: Effects on cognitive function and dementia. JAMA, 279(9), 688—695. https://doi.
org/10.1001/jama.279.9.688

Yiin, G. S. C., Howard, D. P. J., Paul, N. L. M, Li, L., Luengo-Fernandez, R., Bull, L. M., Welch,
S. J. V., Gutnikov, S. A., Mehta, Z., & Rothwell, P. M. (2014). Age-specific incidence, out-
come, cost, and projected future burden of atrial fibrillation-related embolic vascular events.
Circulation, 130(15), 1236-1244. https://doi.org/10.1161/circulationaha.114.010942

Yoon, C. W., & Bushnell, C. D. (2023). Stroke in women: A review focused on epidemiology, risk
factors, and outcomes. Journal of Stroke, 25(1), 2—15. https://doi.org/10.5853/j0s.2022.03468

Yu, R. E,, San Jose, M. C., Manzanilla, B. M., Oris, M. Y., & Gan, R. (2002). Sources and reasons
for delays in the care of acute stroke patients. Journal of the Neurological Sciences, 199(1-2),
49-54. https://doi.org/10.1016/s0022-510x(02)00103-x

Zhou, B., Carrillo-Larco, R. M., Danaei, G., Riley, L. M., Paciorek, C. J., Stevens, G. A., Gregg,
E. W., Bennett, J. E., Solomon, B., Singleton, R. K., Sophiea, M. K., Iurilli, M. L., Lhoste, V. P.,
Cowan, M. J., Savin, S., Woodward, M., Balanova, Y., Cifkova, R., Damasceno, A., et al. (2021).
Worldwide trends in hypertension prevalence and progress in treatment and control from 1990
to 2019: A pooled analysis of 1201 population-representative studies with 104 million par-
ticipants. The Lancet, 398(10304), 957-980. https://doi.org/10.1016/s0140-6736(21)01330-1

Zou, S., Wu, X., Zhu, B., Yu, J., Yang, B., & Shi, J. (2015). The pooled incidence of post-stroke
seizure in 102,008 patients. Topics in Stroke Rehabilitation, 22(6), 460-467. https://doi.org/1
0.1179/1074935715Z.00000000062


https://doi.org/10.1161/circoutcomes.116.003497
https://doi.org/10.1016/j.thromres.2015.04.021
https://doi.org/10.1007/s00404-018-4723-7
https://doi.org/10.1007/s00404-018-4723-7
https://doi.org/10.1001/jama.279.9.688
https://doi.org/10.1001/jama.279.9.688
https://doi.org/10.1161/circulationaha.114.010942
https://doi.org/10.5853/jos.2022.03468
https://doi.org/10.1016/s0022-510x(02)00103-x
https://doi.org/10.1016/s0140-6736(21)01330-1
https://doi.org/10.1179/1074935715Z.00000000062
https://doi.org/10.1179/1074935715Z.00000000062

Chapter 4 )
Traumatic Brain Injury il

Amy Jak and Francesca Lopez

Introduction

Traumatic brain injury (TBI) affects individuals of all genders, but women may
experience TBI differently from men, in terms of both physiological responses and
long-term outcomes. This chapter, therefore, will place a spotlight on TBI in women,
a historically under-researched and under-recognized area. It is important to center
the discussion in the broader context of TBI and so the chapter will begin with a
brief introduction to the basics of TBI, including defining clinical characteristics
and pathophysiology, prevalence and incidence rates, mortality and morbidity, and
demographic-related risk factors. This general discussion will give way to the
unique factors that play a role in the risk of TBI for women, and how these factors
may influence differences in symptom presentation, recovery trajectories, and long-
term outcomes post-injury. We will address special populations and settings where
head injuries commonly occur but are particularly understudied among women
including sports-related concussion, military service, and intimate partner violence.
Finally, we will detail clinical and research takeaways. By understanding these
nuanced gender differences, healthcare providers can better address the unique
needs of women who have sustained a TBI and improve their overall quality of care
and life.
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Epidemiology and Presentation

TBI is a serious public health concern that results in death and disability for thou-
sands of people each year (Maas et al., 2022). Worldwide there are approximately
27 million new TBI cases annually with an additional 49 million prevalent cases,
resulting in over 7 million years lived with TBI-related disability (Guan et al., 2023).
Specifically in the U.S., estimates of TBI range anywhere from 1.5 to 2.5 million
brain injuries per year. More than 2.5 million hospital emergency department visits,
288,000 hospitalizations, and 60,000 deaths result from TBI annually (Centers for
Disease Control and Prevention, 2022) with 5.3 million individuals living with sig-
nificant disabilities resulting from TBI (Popescu et al., 2015).

TBI is defined as a traumatically induced structural injury and/or physiological
disruption of brain function as a result of an external force, resulting in new onset or
worsening of at least one of the following clinical signs immediately after the event:
(1) loss or alteration of consciousness (LOC/AOC); (2) memory gap consistent with
post-traumatic amnesia (PTA); or (3) any neurological deficits (VA/DoD, 2021).
The determination of TBI severity (mild, moderate, or severe) is based on available
acute injury characteristics including presence and duration of LOC/AOC and PTA,
Glasgow Coma Scale (GCS; Teasdale & Jennett, 1974), and any acutely acquired
neuroimaging. TBI severity tends to be a robust predictor of morbidity and mortal-
ity in moderate and severe TBI cases, but less so in mild TBI (mTBI) cases. The
terms “concussion” and “mTBI” are largely used interchangeably; there are no dis-
tinct symptom profiles, diagnostic criteria, or objective biomarkers that distinguish
concussion from mTBI. Mild TBI by far is the most common severity sustained in
both civilian and military populations with approximately 80% of all TBI sustained
classified as mild (Taylor et al., 2017; Williamson & Rajajee, 2021).

Leading causes of TBI include falls, blunt force trauma, and motor vehicle acci-
dents/pedestrian collisions. Depending on the severity and location of the TBI, indi-
viduals may experience motor, cognitive, mood, personality, or other changes and,
particularly in the case of moderate-to-severe TBI, are unlikely to return to pre-
injury baseline (Azouvi et al., 2017). Similarly, cognitive symptoms and neuropsy-
chological profiles can vary depending on injury location and severity, but processing
speed deficits and mental fatigue are hallmark symptoms. Deficits in memory, atten-
tion/working memory, and executive function are also common following TBI, and
will be discussed later in further detail with attention to gender differences (Azouvi
etal., 2017).

Risk Factors

Common demographic factors associated with increased risk of TBI include age,
gender, and occupation. Regarding age, risk is highest for children, young adults,
and adults over the age of 65 years (Cassidy et al., 2004; Styrke et al., 2007). Men
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are over twice as likely as women to sustain a TBI, with approximately 17% of men
having sustained a TBI in their lifetime (Biegon, 2021). The nature of the work in
occupations such as construction, transportation, law enforcement/first responders,
athletes, and the military all increase risk for TBI (Centers for Disease Control and
Prevention, 2024). Women are more likely to incur TBI from falls and in instances
of intimate partner violence (IPV), while men are more likely to experience trauma
resultant from contact collision, motor vehicle accidents, or in military combat
(Biegon, 2021). However, with a larger proportion of women entering the armed
forces and engaged in sports, including contact sports, the occurrence of TBI in
women is increasing.

Racial and ethnic minoritized groups also have a disproportionately higher risk
and rate of sustaining TBIs (Maldonado et al., 2022; Miller et al., 2021; Ritchie
et al., 2001). Both women and men of American Indian and Alaskan native descent
have the highest average annual age-adjusted rate of TBI-related deaths (24.5 per
100,000 population in 2018 and 23.1 in 2019) when compared to Black/African
American, Hispanic/Latinx, or White persons (Centers for Disease Control and
Prevention, 2022).

Emerging evidence further underscores the need for a more nuanced look at the
intersection of these demographic risk factors and gender differences in TBI. For
example, young adult men have 2-3 times higher odds of sustaining a mTBI as
compared to same-aged women. However, women who are 65 years or older have
higher rates of TBI than same-aged men (Centers for Disease Control and Prevention,
2022) even though women are at greatest risk of TBI during young and middle
adulthood (21-50 years old), as compared to women 65 years and older or girls
10 years and younger (Munivenkatappa et al., 2016). Understanding these unique
aspects for women is critical for enhancing identification and treatment of TBI.

Unique Considerations for Women

Physical/Biological

There are elements of sexual dimorphism that are hypothesized to play a role in dif-
ferential experience of and outcomes from TBI between women and men. Physically,
muscle neck strength and neck dimensions differ between women and men. As
compared to men, women tend to have smaller and weaker neck muscles that in turn
leads to vulnerability of greater acceleration by the neck and head upon impact
(McGroarty et al., 2020; Merritt et al., 2019; Tierney et al., 2008, 2005). Moreover,
neuroimaging studies suggest that skull thickness and intracranial volumes varies as
a function of sex, which may increase vulnerability of damage to the brain in women
as compared to men (Escorial et al., 2015; Martinez et al., 2017; Ruigrok et al.,
2014). Women and men also exhibit brain differences in neuronal structure (Dollé
et al., 2018; McGroarty et al., 2020; Merritt et al., 2019). Specifically, axons are
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smaller with a fewer number of microtubules in women relative to men. Together,
the combination of sexual dimorphism among anatomical and neuronal structure
may place women at greater risk of physical and axonal injury following TBI.

Sex Hormones

Given that women who are aged 21-50 years tend to have a higher risk of sustaining
TBI as compared to young girls and post-menopausal women, a question has been
raised as to whether vulnerability of TBI may vary with biological age due to pat-
terns of circulating hormones. This has led to one of the most widely debated
hypotheses as to whether/to what degree hormonal fluctuations at the time of the
TBI impact recovery and outcomes. Briefly, there are low hormonal levels after
birth across sex, and both girls and boys experience an increase in female and male
sex hormones during puberty, respectively. Men experience incremental declines in
testosterone production over time. In contrast, women continue to experience men-
strual cycles (fluctuations in progesterone and estrogen) until menopause. It is
hypothesized that both normal fluctuations across the lifespan (e.g., adolescence,
pregnancy, oral contraceptive use) as well as declines in production during mid-life
influence vulnerability and post-injury outcomes. Support for this hypothesis pri-
marily comes from animal studies; human studies have not fully supported this
hypothesis.

There is some evidence to suggest women are more susceptible to physical injury
during the luteal phase (rapid decrease in progesterone and estrogen) of their men-
strual cycle rather than during the follicular phase (increases in progesterone and
estrogen; Belanger et al., 2013; Moller-Nielsen & Hammar, 1989). Estrogen plays
a key role in skeletal formation and reabsorption (Almeida et al., 2017; Mirza &
Canalis, 2015; Schiavi et al., 2021) as well as structure and function of smooth
muscles (Sinder et al., 2024). Transition to menopause disrupts these vital func-
tions, leads to decreases in bone strength and quality and redistribution of adipose
tissue, and increased susceptibility to fall-related TBIs in older adulthood for women
but not men (Blaya et al., 2022).

Sex hormones are also thought to play a large role in post-injury response, which
is primarily supported by evidence derived from animal models (see Ma et al.,
2019). Female sex hormones down-regulate proinflammatory responses and up-
regulate nerve growth factor production. Males tend to express a greater number of
neuroglia including microglia and astrocytes. In turn, this leads to decreased neuro-
inflammation, improved cerebral perfusion, reduced intracranial pressure, and
enhanced neurological and cognitive function in females as compared to males fol-
lowing TBI (Caplan et al., 2017; Lenz & McCarthy, 2014).

There are differential alterations in dopaminergic symptoms, ischemia, and
mitochondrial function observed between the sexes. Males tend to have lower levels
of dopamine whereas females tend to have a greater degree of dopaminergic-related
deficits (Wagner et al., 2005; Xu et al., 2016). In addition, females tend to have
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higher vessel density, increased cerebral blood volume, and increased gene tran-
scription production as compared to males (Valera et al., 2021; Wagner et al., 2004).
Together, this suggests the degree of vulnerability post-injury is greater for males as
compared to females.

Overall, most animal studies using mTBI models reported females fare better
than males (44%), but some have found females fared worse (14%); still, a large
proportion of studies reported no differences (28%) or mixed findings (14%). This
pattern persisted in moderate and severe TBI models (Gupte et al., 2019). In con-
trast, most human studies reported worse outcomes for women as compared to men
(47%); roughly a quarter of studies (26%) reported worse outcomes for men, and a
sizeable portion reported no differences (18%) or mixed findings (9%). The follow-
ing trends in long-term outcomes emerged when categorized by injury severity: (1)
women fared worse than men in mTBI cases and (2) women had comparable if not
slightly better outcomes in moderate-to-severe TBI cases (Gupte et al., 2019).
Possible reasons for discrepant findings between animal and human models include
limited translation of TBI models and differences in outcome measures (e.g., mostly
molecular and cellular in animals versus mostly social and behavioral in humans).

Given decreased levels of progesterone are associated with worse outcomes
acutely post-TBI, this hormone has been a particular target of research. Trials exam-
ining progesterone as a potential therapy to improve outcomes post-TBI have been
mixed with some showing promising outcomes, while others have shown no thera-
peutic effects (Blaya et al., 2022). Investigators found improved outcomes in mod-
erate TBI, and mixed outcomes in severe TBI (Wright et al., 2007; Xiao et al.,
2008), though one of the largest Phase III clinical trials showed no therapeutic
effects (Skolnick et al., 2014). Ultimately, the role of sex hormones as a neuropro-
tective factor in humans remains equivocal (see Fig. 4.1).

Lower estrogen

Lower progesterone

Smaller axons

Fewer microtubules

Greater neuroglial responses post-injury

Increased estrogen

Decreases neuroinflammation

Increased progesterone

Higher vessel density/increased cerebral
blood volume

Stronger neck muscles

Fig. 4.1 Snapshot of sexual dimorphism and hormonal impact on TBI outcomes
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Diagnosis and Prognosis
Acute Symptom Presentation, and Initial Treatment Pathways

Following a TBI event, persons may present to the emergency department with a
host of physical (e.g., headache, nausea/vomiting, onset of neurologic deficit), neu-
robehavioral (e.g., confusion, memory problems, poor sleep, irritability), and/or
sensory (e.g., sensitivity to light or sound, blurred vision, dizziness) symptoms in
addition to loss of consciousness and/or post-traumatic amnesia. Of these, head-
ache, fatigue, confusion, and dizziness are most commonly reported acutely (Cole
& Bailie, 2016). A recent study by Mikoli¢ and colleagues (2021) examined the
relationship between gender and initial care and treatment pathways in a commu-
nity sample of individuals 16 years and older (median agewome, = 58; median age-
men = J0) for all severity of TBI across 63 centers in Europe and Israel. In mTBI
cases (based on baseline GCS of 13—15), women were less likely to be admitted and
more likely to be discharged home after presenting to the emergency department,
and less likely to receive a secondary referral as compared to men. However, there
were no significant differences between men and women across initial care and
treatment pathways in moderate and severe TBI cases (Mikolic et al., 2021).

In general, epidemiological studies demonstrate men have higher mortality rates
than women following TBI due to more lethal mechanisms of injury. However, find-
ings from a recent review by Biegon (2021) suggest that mortality rate gender dif-
ferences may depend on injury severity to some extent. Despite similar presenting
symptoms, GCS scores within the mild range, and abnormal (i.e., contusion, edema,
herniation) computed tomography scans, mortality rate tends to be twice as high in
women as compared to men (though mortality resultant from mTBI is exceptionally
rare). In moderate-to-severe TBI, there are no gender differences in mortality rate
(Biegon, 2021).

Functional Outcomes

Approximately 5.3 million people in the U.S. are currently living with a TBI-related
disability (Popescu et al., 2015). The extent of the disability for those who have
sustained a TBI depends on several factors including severity and location of the
injury, age, pre-morbid health, and history of prior TBIs. Sociocultural factors may
also impact long-term functional and quality of life outcomes following TBI. In
general, recent meta-analytic and review studies suggest that post-mTBI, women in
young adulthood and middle adulthood are at higher risk of poor functional out-
comes, as compared to same-aged men and women in older adulthood and girls in
childhood (Biegon, 2021; Gupte et al., 2019). Most of these differences disappear in
moderate-to-severe TBI cases. By way of example, Mikoli¢ and colleagues (2021)
examined 6-month outcomes post-TBI between women and men. In mTBI cases,
women had worse functional outcomes as compared to men including being less
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likely to return to work and lower self-reported quality of life. When stratied by age,
the most pronounced gender differences were observed in those in middle and older
adulthood. In moderate-to-severe TBI cases, women in older adulthood had the
worst functional outcomes (Mikolic et al., 2021).

Post-Concussive Symptoms

Acute symptoms following mTBI, also referred to as post-concussive symptoms,
are expected to resolve and return to baseline within at most 12 weeks following
mTBI. Despite this, a sizeable minority of people continue to experience symptoms
well beyond the time of expected recovery. These include a combination of persis-
tent physical (e.g., headache, fatigue, dizziness), cognitive (e.g., memory and atten-
tion problems, executive dysfunction), and/or mood (e.g., depression, anxiety,
irritability) symptoms. Post-mTBI, women tend to report a greater number and
severity of persistent post-concussive symptoms relative to men. Most common are
depressive symptoms, pain, sleep problems, and/or subjective cognitive changes;
differences that persist when accounting for pre-morbid health (i.e., emotional,
physical), age, and recovery rate (Gupte et al., 2019; Haynes & Goodwin, 2023; Jak
et al., 2024). In terms of objective cognitive or neuropsychological changes follow-
ing TBI, findings are mixed. Some studies reported women perform worse on global
measures of cognition as well as objective cognitive measures of memory (visual,
verbal) and executive function, while others reported men performed worse on these
measures (Gupte et al., 2019; Haynes & Goodwin, 2023).

As with much of the literature on sex differences in TBI, there are also studies
reporting mixed findings or lack of differences in post-concussive symptoms
between men and women (Haynes & Goodwin, 2023). Differences in gender and
sociocultural norms likely influence symptom reporting to some extent. Following
an index event, women in the U.S. are more likely to report post-concussive symp-
toms when directly asked (Merritt et al., 2019). One possible explanation for this
observation relates to traditional gender norms in the U.S. In childhood, help-
seeking behaviors are emphasized for young girls, particularly when experiencing
discomfort; toughness and composure are emphasized for young boys (e.g., “stiff
upper lip”’; Casper, 2021). Given that men are more likely to sustain moderate-to-
severe TBIs, the time-to-reporting is more likely than not also influenced by severity
and mechanism of injury.

Special Topics

While not an exhaustive list, women have been historically under-studied in several
settings where head injuries commonly occur including sports-related concussion,
military service, and intimate partner violence. These special topics are explored in
more detail in the following sections (see also Table 4.1).
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Table 4.1 Settings in which head injuries commonly occur where women have been historically

understudied
Special topic Key point(s)
Sports-related * Higher SRC Risk for Women Athletes: Women face higher concussion

concussion (SRC)

Military service | e

Intimate Partner | ¢

Violence (IPV)
Intersecting .
identities

Chronic .
Traumatic

Encephalopathy | e
(CTE)

risk than men in comparable sports; under-researched in women-
dominated sports like cheerleading and gymnastics

Symptom Reporting: Women report more symptoms and worse
long-term outcomes; tend to express somatic/neurobehavioral symptoms,
while men report cognitive symptoms

Cognitive Outcomes: Mixed results highlighting the need for more
comprehensive assessments to detect subtle differences post-concussion

Injury Mechanisms: Men in the military are more likely to sustain
combat-related traumatic brain injuries (TBIs; e.g., from blasts and
bullets), while women experience more non-combat injuries, including
falls and TBIs from in imate partner violence (IPV)

Symptom Reporting: Women report more neurobehavioral symptoms
(e.g., depression, cognitive issues), whereas men are more likely to report
chronic pain following military-related TBI

Cognitive and Mental Health Outcomes: Women generally perform
better on cognitive tasks post-TBI compared to men. However, men have
a higher risk for post-traumatic stress disorder (PTSD) and other mental
health conditions linked to TBI

Injury Mechanisms: IPV frequently causes head injuries, with up to
92% of survivors suffering head trauma and 19—100% sustaining a TBI.
Non-fatal strangulation (NFS) is also common, leading to significant
brain injury

Symptom Reporting: Women experiencing IPV often report cognitive
issues like memory loss and confusion, but these are frequently
complicated by co-occurring conditions such as PTSD and depression
Cognitive and Mental Health Outcomes: There are high rates of PTSD
and depression among women with histories of I[PV-related TBI.
Although more work is needed, IPV-related TBIs may be linked to
cognitive impairments (i.e., memory, executive function)

Research Gaps: Marginalized and minoritized groups (e.g., racial-
ethnic, sexual and gender) are underrepresented in TBI research, leading
to gaps in understanding their specific risks and health outcomes
Intersectionality and Health Disparities: The intersection of various
identities can compound health disparities and increase vulnerability to
TBI among women across diverse racial-ethnic, gender, and
socioeconomic status backgrounds

Research Gaps: Most CTE research is based on male samples, limiting
applicability to women

Inclusive Research Needed: Future studies must include women to
inform clinical criteria and avoid generalizing male-focused findings

Sports-Related Concussion (SRC)

Sports-related concussion (SRC) is common, and risk of SRC among athletes is
20% (Clay et al., 2013). While much of the initial research on SRC was androcen-
tric reflecting focus on men-dominated contact sports, the number of women
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athletes participating in sports is steadily rising. As of 2023, approximately 43% of
high school athletes in the U.S. are girls (NFHS, 2023), and 42% of National
Collegiate Athletic Association (NCAA) athletes are young women (NCAA, 2023).
As research has evolved to include women, it has come to light that women athletes
are more likely to sustain a concussion following an injury to the head or neck than
men athletes (Covassin et al., 2012; McGroarty et al., 2020; Merritt et al., 2019;
Tierney et al., 2008). This increased risk persists even when considering gender-
equivalent sports, particularly in soccer, basketball, and softball/baseball (Covassin
et al., 2016). Women and men athletes who play hockey also have similar concus-
sion incidence rates despite differences in contact rules. Many women-dominated
sports, including cheerleading and gymnastics, have the highest rates of SRC (11%
of all concussions in girls’ sports occur in competitive cheer), though still fail to
receive the attention that men-dominated contact sports have (Bretzin et al., 2024).
There are a limited (but growing) number of high quality and powered studies
examining gender differences among susceptibility to and outcomes following
SRC. In these studies, women athletes have a greater number of post-concussive
symptoms as compared to men athletes (Biegon, 2021; Bunt et al., 2022; Covassin
etal., 2012; Van Pelt et al., 2021). The nature of symptoms reported may also differ.
Women athletes are more likely to report somatic and neurobehavioral symptoms,
whereas men athletes are more likely to report cognitive symptoms (Koerte et al.,
2020). Moreover, women athletes tend to have poorer long-term outcomes as com-
pared to men athletes (Biegon, 2021; Bunt et al., 2022; Covassin et al., 2012; Van
Pelt et al., 2021). However, at least one meta-analysis of 26 studies from 2004-2017
argues concussion-like symptoms are under-reported by both women and men ath-
letes (Ferdinand Pennock et al., 2023). This finding was observed across childhood,
adolescence, and young adulthood. Delayed onset of symptoms and/or lack of rec-
ognition of symptoms (McGroarty et al., 2020), as well as return-to-play motiva-
tions (Kerr et al., 2016) are possible explanations for under- or lack of reporting. At
present, it remains unclear whether women and men athletes experience similar
vulnerability to sub-concussive or repetitive hits by returning to play too soon.
Regarding cognitive outcomes, Immediate Post-Concussion Assessment and
Cognitive Testing (ImMPACT; (Lovell, 2022) is one of the most commonly used mea-
sures in SRC research. ImPACT is a brief computer-based test used to assess cogni-
tive function (i.e., memory, processing speed, reaction time, attention) before (i.e.,
prior to or the start of the season as a “baseline”) and immediately following an SRC
to manage symptoms and inform return to play decisions (Manderino & Gunstad,
2018). Nevertheless, ImPACT testing has its own unique set of advantages (i.e.,
early detection, guides return to play) and caveats (i.e., validity of baseline testing,
specificity and sensitivity). In general, gender difference findings have been twofold
but discrepant: either (1) women athletes tend to have worse ImPACT cognitive
scores (i.e., visual memory, reaction time) as compared to men athletes acutely fol-
lowing concussion (i.e., within 3 days), or (2) InPACT cognitive scores are compa-
rable among women and men athletes with a history of concussion (Koerte et al.,
2020). It is more likely than not that sensitive, comprehensive neuropsychological
assessment is needed to characterize and detect subtle gender differences following
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concussion (if such differences exist), highlighting a major limitation of most
studies.

Military Service

TBI is a common injury among military personnel, particularly among Veterans
involved in more recent conflicts in Iraq and Afghanistan (Helmick et al., 2015).
Explosive blasts are a common cause of TBI for service members in addition to
penetrating wounds, severe blows to the head with shrapnel or debris, and falls or
bodily collisions with objects following a blast. Given improvements in vehicle
armor, protective gear, including head protection, and other technological safety
and medical advances, service members across genders are surviving events that
would have previously been fatal, which has contributed to an increase in the rate of
TBIs. Like civilian TBI, of the almost 500,000 medically diagnosed military TBIs
recorded between 2000 and 2023, more than 80% were classified as mild in severity
(DoD, 2023).

Similar to early work in SRC, military TBI research has historically been pre-
dominantly focused on male service members and Veterans. However, there are an
increasing number of women serving in the military. Currently in the U.S. military,
up to 17% of personnel identify as women, with female representation in the mili-
tary growing by 20% over the last 20 years (Department of Defense, 2022).
Moreover, the number of women enrolled in the U.S. Veterans Health Administration
(VHA) has increased by almost 50% over the last decade (Department of Veterans
Affairs, 2023). Generally, women service members and Veterans are somewhat less
likely to sustain a head injury compared to men. Although limited, prevalence esti-
mates range from 11 to 65% among men and 8 to 58% among women (Merritt et al.,
2023; Schneiderman et al., 2008).

While overall rate of military TBI may be similar between men and women,
mechanism of injuries shows more divergence. In a recent study, men Veterans were
more likely to sustain bullet- and blast-related injuries (with alteration of conscious-
ness), whereas women Veterans were more likely to sustain falls (Merritt et al.,
2023). Although men Veterans sustained higher rates of deployment-related TBI
(Jackson et al., 2016), women were more likely to sustain non-deployment related
TBI (Merritt et al., 2023). Regarding post-concussive symptoms, women are more
likely to report neurobehavioral symptoms (e.g., depression, headache, poor sleep,
cognitive problems), whereas men are more likely to report chronic pain (Valera
et al.,, 2021). In terms of severity of symptoms, some studies report severity is
greater among women Veterans, while others suggest gender differences disappear
after controlling for blast exposure, symptom validity, and post-traumatic stress dis-
order (PTSD) symptoms (Valera et al., 2021).

Additionally, there is a tendency for men service members and Veterans to both
screen positive for TBI (Hendricks et al., 2013), as well as have their history of TBI
confirmed by a clinician (Merritt et al., 2023). Thus, it is more likely than not rates
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of head injuries among women Veterans and service members are higher than cur-
rently estimated due to a combination of more accessible combat roles and under-
recognition of non-combat-related mechanisms of injury (e.g., military sexual
assault and interpersonal violence) that may place women at greater risk in military
settings. Despite this, there are a limited number of high quality and powered stud-
ies examining gender differences.

There are a host of acute and long-term health outcomes associated with military-
related TBI. Of these, PTSD is one of the most widely studied psychiatric comor-
bidities followed by neurological, metabolic, and endocrine conditions (Greer et al.,
2020; Stein & McAllister, 2009). PTSD and mTBI commonly co-occur in military/
veteran samples; military-related mTBI is both physically and emotionally trau-
matic, increasing risk for developing PTSD following mTBI (Hendrickson et al.,
2018). In general, Veterans and service-members have a fourfold increased risk of
developing PTSD following TBI as compared to civilians who have twofold
increased risk (Loignon et al., 2020). Women Veterans with a history of TBI are at
lower risk for developing mental health conditions (e.g., PTSD, depression) as com-
pared to men Veterans (Merritt et al., 2024).

Regarding neuropsychological outcomes, there are two main findings. First,
remote history of mTBI alone does not contribute to persistent or progressive cogni-
tive impairment (Nelson et al., 2012; Shandera-Ochsner et al., 2013). By way of
example, Walker et al. (2023) found that there was not a relationship between
remote history of mTBI and cognitive performance among a large sample of
Veterans and service members with combat exposure (Walker et al., 2023). Women
Veterans and service members with mTBI histories tend to perform better than men
on several cognitive domains including memory, processing speed, and fine motor
dexterity. Second, it is more likely than not mental health conditions (e.g., PTSD,
depression) are the primary influence on persistent post-TBI cognitive complaints
and performance regardless of severity and mechanism of injury (Jak, 2017; Lange
et al., 2013).

Intimate Partner Violence (IPV)

Intimate partner violence (IPV) refers to physical, sexual, or psychological harm
levied by current or former partners within an intimate relationship (WHO defini-
tion). IPV disproportionately impacts women including both cisgender and trans-
gender women (Jain et al., 2024; Toccalino et al., 2022). The US Centers for Disease
Control (CDC) report approximately 41% of women (compared to approximately
26% of men) have experienced IPV in the U.S. (Leemis et al., 2022), rates that
increased during the COVID-19 pandemic quarantine and stay at home orders
(Smith-Clapham et al., 2023). Worldwide, one third of women will experience IPV
in their lifetime and almost 40% of deaths among women are committed by intimate
partners (WHO, 2021). Despite this alarming rate, it is a largely unrecognized pub-
lic health crisis.
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The head is one of the most commonly targeted/injured sites in IPV with up to
92% of individuals experiencing IPV endorsing a history of being hit in the head/
face by a partner; the vast majority of which further indicated the targeting of the
head/face was ongoing and repetitive (Campbell et al., 2022) with fractures being
most common to the face (Loder & Momper, 2020). Following from this common
targeting of the head and face, anywhere from 19 to 100% of women experiencing
IPV sustain a TBI (Haag et al., 2022) and up to half have reported TBI with LOC
(Campbell et al., 2022).

TBI among those experiencing IPV is often overlooked and therefore under-
counted and under-researched. Challenges for identifying TBI in the context of IPV
are varied but include differing definitions for both IPV and TBI, variable measures
to identify TBI, recall bias (as with all TBI/TBI injury details), and use of often
small and/or convenience samples (Campbell et al., 2022). Despite exceptionally
high rates of IPV-related TBI in sexual and gender minorities, this is a particularly
overlooked demographic in research and clinical care for TBI (Stranges et al.,
2024). Transgender individuals may be at particularly high risk for IPV; in a recent
study, they were shown to be 1.66 times more likely to experience IPV than cisgen-
der individuals (Peitzmeier et al., 2020). To date, however, there is no known data
detailing specific rates of TBI in transgender individuals experiencing IPV.

Questions that have traditionally been used to elicit non-IPV TBI histories may
be less effective in eliciting IPV-related TBI. Specific prompts asking about TBI in
the context of IPV need to be a part of screening. IPV survivors tend to prefer self-
report questionnaires that do not require face-to-face responses (Goldin et al., 2016).
Common TBI questionnaires/interviews (e.g., the Brain Injury Screening
Questionnaire [BISQ]J; Research and Training Center on Community Integration of
Individuals with Traumatic Brain Injury, 1997); the Ohio State University TBI
Identification Method (Corrigan & Bogner, 2007)) can be amended to better align
with the needs of the IPV population; most existing instruments are worded to
assume injury from accident rather than assault and often lack questions about facial
injuries, violent shaking, or strangulation injuries that are common in IPV (Goldin
et al., 2016). The BISQ has been amended in this way (BISQ-IPV) and is shown to
enhance detection of IPV-related TBI history (Dams-O’Connor et al., 2023).
Women’s shelter staff or others with high IPV knowledge are typically well aware
of the risk for TBI in their residents but feel they lack training in how to appropri-
ately screen for TBI (Campbell et al., 2022) so questionnaires or other information
gathering tools should offer ease of administration by IPV knowledgeable staff who
may not have specialty training in TBI (Haag et al., 2022). Broadly, collaborative
efforts with neuropsychology, social work, healthcare workers, dental profession-
als, etc. are needed for early identification and system-level support for integrated
and coordinated IPV-related TBI care (Toccalino et al., 2022).

While the focus of this chapter is on traumatic brain injury, other acquired brain
injuries via hypoxia/anoxia also commonly present in IPV populations due to non-
fatal strangulation (NFS; Bichard et al., 2022; Costello & Greenwald, 2022;
Monahan et al., 2022). Anywhere from 68 to 89% of those experiencing IPV
reported strangulation (Nemeth et al., 2019; Raskin et al., 2024), with 17-82% of
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those resulting in LOC (Campbell et al., 2022; Karr et al., 2024). Similar to TBI,
NFS events in IPV are frequently repetitive with 38—-88% of respondents endorsing
repetitive strangulation incidents (Campbell et al., 2022).

Neuropsychological consequences of TBI in the context of IPV are also woefully
understudied. Cognitive concerns such as mental fatigue, confusion, memory
changes, executive dysfunction, and difficulty concentrating have been reported
(Monahan et al., 2022; Raskin et al., 2024; Zieman et al., 2017). Disentangling the
precise etiology of these cognitive symptoms is challenging as they are also fre-
quently reported in the context of depression, anxiety, irritability, and/or PTSD that
are highly comorbid in those who are experiencing IPV. Hypoxia has potential cog-
nitive consequences including memory, attention, and/or executive functioning defi-
cits (Anderson & Arciniegas, 2010) and NFS in the context of IPV also commonly
results in cognitive changes (Raskin et al., 2024). Specifically, in one study of
mostly White women (34% Black/African American; 3% Latina; 3% Native
American, 1% Other), those with alteration of consciousness following NFS evi-
denced significantly lower recall (as measured by the CVLT) and working memory
(via WAIS-IV Digit Span Total Score) than those without (Valera et al., 2022).

Certainly, it is challenging to identify with certainty the etiology of cognitive
deficits as being directly related to TBI/hypoxia versus mental health comorbidities,
though the research literature to date suggests that both contribute (Lifshitz et al.,
2019; Monahan et al., 2022; Raskin et al., 2024). For example, Raskin et al. (2024)
examined neuropsychological performance among women who identified as Black
or Latina with and without IPV histories. Findings suggested that women who had
experienced IPV performed more poorly than those without IPV histories on mea-
sures of working memory, executive functioning, and visuoconstruction. Those with
IPV histories and comorbid PTSD also showed poorer set-shifting performance on
Trails B, an aspect of executive functioning. While those with a history of NFS also
evidence lower scores across a neuropsychological battery as compared to those
without NFS, the number of impaired scores (2 SD criteria) did not differ between
groups (Raskin et al., 2024). However, significant differences were still found in
memory and executive functioning even after controlling for mental health symp-
toms (Raskin et al., 2024). Certainly, additional research is needed to more fully
understand how histories of [PV might affect cognitive and emotional health, but to
date, the literature suggests that similar to concussions sustained via other means,
there may be subtle group differences between those with and without IPV, but
widespread severe cognitive impairments do not appear to be common.

Intersecting Identities

The special populations above, as well as other identity characteristics, are often
overlapping. Looking at multiple identity characteristics in concert as opposed to in
isolation in TBI is also important. For example, women Veterans are up to twice as
likely to experience IPV than non-Veterans in the U.S. (Iverson et al., 2020). While
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women Veterans experiencing or with a history of experiencing IPV have more
mental and physical health concerns than Veterans with no IPV history (Iverson
et al., 2020), they are not more likely to have sustained a TBI than Veterans without
IPV history. However, those with IPV and TBI do report more neurobehavioral
symptoms. Certainly, more work needs to be done; a national survey of 6000 Iraq/
Afghanistan-era Veterans who had undergone a VA Comprehensive TBI Evaluation
resulted in only a 16% response rate, only 127 of whom were women and answered
questions about IPV (Iverson et al., 2020).

Persons from groups that have been historically and systematically marginalized
are underrepresented and underserved in TBI clinical practice and research. More
recent research has begun to examine racial and ethnic TBI-related health dispari-
ties. Racial and ethnic minoritized groups have a disproportionately higher risk and
rate of sustaining TBIs (Maldonado et al., 2022; Miller et al., 2021; Ritchie et al.,
2001). As previously noted, both women and men of American Indian and Alaskan
Native descent have the highest average annual age-adjusted rate of TBI-related
deaths (24.5 per 100,000 population in 2018 and 23.1 in 2019) when compared to
Black/African American, Hispanic/Latinx, or White persons (Centers for Disease
Control and Prevention, 2022). Additionally, the ongoing crisis of missing and
endangered Indigenous women exacerbates health disparities, including the risk of
TBI, within these communities (Amnesty International, 2014; Kubik et al., 2009).

Regarding other vulnerable populations, women working in street-based sex
work (Baumann et al., 2019; Church et al., 2001; Deering et al., 2014), with histo-
ries of involvement in criminal activities (Church et al., 2001; Deering et al., 2014),
and/or incarceration (Colantonio et al., 2014) are at increased risk of TBI (Muldoon
et al., 2015). There is a possible relationship between childhood TBI and subse-
quent involvement in violent relationships, highlighting yet another area of intersec-
tion that impact TBI risk for women (Farley et al., 2018; Haag et al., 2022; St Ivany
& Schminkey, 2016).

To date, there is not sufficient data on rates of TBIs among sexual and gender
minoritized persons (Giordano et al., 2020), such as the Two Spirit, Lesbian, Gay,
Bisexual, Transgender, Queer or Questioning (2S/LGBTQ) community. Given that
persons who experience housing instability have higher rates of injuries related to
physical assaults (approximately 42% of women and 58% of men; Mollayeva et al.,
2018), and persons from sexual and gender minoritized groups are more likely to
experience physical assaults (Truman et al., 2024) and housing instability
(LoSchiavo et al., 2020), it is more likely than not that TBI is an underrecognized
cause of morbidity and mortality among this underserved population (Giordano
et al., 2020). Indeed, as demonstrated by Stranges et al. (2024), an overwhelming
majority of 2S/LGBTQ persons reported symptoms consistent with IPV-related
TBI highlighting how the intersection of various identities can compound health
disparities and increase vulnerability to TBI.
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Chronic Traumatic Encephalopathy (CTE)

Chronic traumatic encephalopathy (CTE) is a neurodegenerative condition charac-
terized by abnormal accumulation of hyperphosphorylated tau in the brains of indi-
viduals with a history of repetitive brain trauma; post-mortem examination of brain
tissue is required for definitive diagnosis (McKee et al., 2016) and there are no vali-
dated criteria for clinical diagnosis of CTE (Iverson et al., 2019). Notably, at this
time, CTE research and prevalence data is almost entirely from male samples and
the translation from research to clinical practice is not yet firmly established. With
this context, it is beyond the scope of this chapter generally and may be premature
to address CTE, particularly in women. However, it will be imperative in this emerg-
ing area of research and in development of future clinical criteria for adequate data
from women to be considered before generalizing results from predominantly male
samples to women.

Clinical Takeaways

¢ Because TBI research has been androcentric, resultant clinical care for con-
cussed women has been, by extension, far less evidenced-based and adjustments
may need to be made in clinical care for women with a history of TBI; women
may experience, recover, and report TBI events and symptoms differently
than men.

* Women may be at higher risk for sport-related concussions including those in
women-dominated high-risk sports.

e Multiple traumatic events can have an additive effect (e.g., combat deployments,
IPV, TBI) and women Veterans may need differently tailored interventions to
address this unique context and aggregate impact.

e In IPV-specific TBI, cognitive deficits cannot be explained entirely by comorbid
PTSD or other mood/anxiety disorder.

e Screen all adult (both cis- and transgender) women for IPV and TBI; the BISQ-
IPV and the Ohio State University TBI Identification Method amended to better
align with the needs of the IPV population may be particularly effective choices.

» Concussion risk/prevention and associated safety protocols and medical support
is well highlighted in sports; there are no analogous protocols or ready access to
concussion care for IPV. This area of needed growth will require “cross-
pollination” of knowledge between neuropsychologists, social work, healthcare
workers, dental professionals, etc.
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Research Takeaways

* To answer many lingering questions about gender differences in TBI outcomes,
it will be essential to prospectively include cis- and transgender women in TBI
research, attending to age, endogenous sex hormone levels, as well as racial,
ethnic, cultural, and geographic diversity; intersectional work is also paramount.

¢ Women generally endorse higher rates of post-concussive symptoms and deter-
mining the underlying reason(s) why (e.g., gender differences in endorsement
styles or genuine differences in symptom presentation) will further advance
capability to mitigate development of symptoms and/or intervene more appropri-
ately with women post-TBL.

¢ TBI in the context of IPV remains understudied, despite its high prevalence rates
and more research is warranted and desperately needed, particularly focusing on
long-term outcomes in this population.

e [PV-related TBI and women with sport-related concussions need to be included
in research on repetitive head trauma or chronicity research.

 Incarcerated populations remain a woefully understudied population at high risk
for TBI events. Better understanding the relationship between childhood TBI and
subsequent involvement in violent relationships may provide insight into preven-
tion as well as treatment.
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Chapter 5 )
Alzheimer’s Disease and Other Dementias <o

Anna Brugulat-Serrat, C. Elizabeth Shaaban, Sheina Emrani,
and Erin Sundermann

Introduction

Dementia

Dementia is a general term for a group of neurological conditions caused by irre-
versible degeneration of the structure and function of the central and peripheral
nervous system (Wilson et al., 2023) and characterized by the loss of memory, rea-
soning, language, attention, and concentration as well as behavioral changes, result-
ing in an impairment in daily functioning. The Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition, Text Revision (DSM-5-TR) introduced the classifi-
cation of major neurocognitive disorder (NCD) to describe conditions that signifi-
cantly impair cognitive function, aligning closely with the traditional definition of
dementia (American Psychiatric Association, 2022). The diagnosis of NCD in
DSM-5-TR requires evidence of significant cognitive decline from a previous level
of functioning in one (or more) domains, impacting daily independence and neces-
sitating assistance with complex tasks. However, unlike the traditional definitions of
dementia, the DSM-5-TR Major NCD criteria allows for a broader scope that
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extends beyond age-associated neurodegenerative disorders, including conditions
impacting younger individuals.

Worldwide, there are over 55 million people living with age-related dementia
(Gauthier et al., 2021). Globally, dementia prevalence is greater for women (8.1%)
vs. men (5.4%), and this pattern is true across all age bands 65 years and older and
across all World Health Organization geographic regions (WHO, 2021). The most
common types of dementia among adults aged 65 years and older are Alzheimer’s
disease (AD) and vascular dementia, followed by frontotemporal dementia and
Lewy body dementia, which includes dementia with Lewy bodies and Parkinson’s
disease dementia.

AD will be a central focus of this chapter because of the prominent gender dif-
ferences in not only AD rates but also in risk factors, clinical trajectory, diagnostic
accuracy and pathology as well as the extensive literature devoted to the gender
influence in AD. We also discuss protective, lifestyle factors that not only reduce
AD risk but also promote healthy aging. The limited findings thus far of the women-
specific experience for frontotemporal dementia (FTD) will also be discussed herein
while a comprehensive review of the unique experience of vascular dementia and
movement disorder-related dementias (e.g., Parkinson’s dementia, Lewy body
dementia) in women is provided in Chaps. 3 and 6, respectively.

Alzheimer’s Disease (AD)

AD is characterized by a progressive cognitive decline with memory impairment
typically being the earliest and most pronounced clinical feature, followed by
declines in executive functions and language, and eventually extending to all cogni-
tive domains (2024 Alzheimer’s Disease Facts and Figures, 2024). AD ultimately
leads to a loss of autonomy (2024 Alzheimer’s Disease Facts and Figures, 2024);
however, in some cases, depending on etiology, symptoms can be treated, and pro-
gression slowed to extend the quality of life for affected individuals. AD is the most
common cause of dementia, accounting for 50-70% of cases (Dementia - Key Facts,
2023). In consequence, AD is considered one of the greatest healthcare challenges
of the twenty-first century (Alzheimer’s Disease International et al., 2015). Women
are at the epicenter of the AD epidemic, as they comprise two thirds of AD dementia
cases (2017 Alzheimer’s Disease Facts and Figures, 2017). Therefore, the study of
women-specific health factors across the lifespan is needed to further understand
the risk/protective factors and mechanisms that contribute to the disease in this
highest risk group.

Over the years, researchers have identified many changes in the brain that may
contribute to AD. The two hallmark pathologies of AD are the abnormal protein
aggregations of amyloid-p (Ap) plaques and hyperphosphorylated tau that comprise
the neurofibrillary tangles (NFTs). It is the tau pathology that is more closely linked
to cognitive function with the earliest NFT deposition occurring in brain regions
responsible for memory function including the medial temporal lobe structures of
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the hippocampus and entorhinal cortex (Weintraub et al., 2012). Other defining fea-
tures of AD include neuronal and synaptic loss and glial proliferation (Ball et al.,
1997; Dubois et al., 2016; Montine et al., 2012; Sperling et al., 2011). Importantly,
AD pathology typically occurs in conjunction with other dementia pathology types,
particularly vascular dementia pathologies, and often labeled as “mixed dementia”.
Pure AD and vascular dementia pathology are present in as few as 10% of patients
(Iadecola, 2013; Rizzi et al., 2014). Women have more mixed AD and cerebrovas-
cular pathology than men (Barnes et al., 2019).

Ap plaques may damage neurons by interfering with neural synapses and activat-
ing immune cells triggering neuroinflammation. Inside neurons, tau tangles block
the transportation of nutrients and other molecules essential for the normal function
and survival of neurons. Longitudinal models of the temporal order of these markers
have hypothesized that AB plaque accumulation is an early initiating event in the
AD cascade (Hardy & Selkoe, 2002), followed by the spread of tau within the
medial temporal lobe into neocortex that synergistically leads to neuronal and syn-
aptic loss followed by cognitive decline and dementia (Jack et al., 2013; Price &
Morris, 1999). However, the mechanisms by which these pathological aggregations
influence neuronal integrity and clinical symptoms remain unclear.

AD has been classically conceptualized and diagnosed as a clinical pathological
syndrome. Accordingly, initial diagnostic criteria only considered a “definite” AD
diagnosis when post-mortem confirmation was available (Snyder et al., 2016).
Otherwise, a “probable” AD diagnosis was provided that only required the presence
of a clinical picture of dementia after ruling out other potential etiologies. However,
in the last decades, the identification of AD biomarkers either in cerebrospinal fluid
or blood or via neuroimaging has enabled a shift in AD diagnosis from a clinical—
pathological entity toward a clinical biological one (Pais et al., 2023)

AD is defined as a continuum that can be divided into three stages: preclinical,
mild cognitive impairment (MCI), and AD dementia. Prospective clinical and bio-
marker studies have shown that AD pathology is present 10-20 years before symp-
toms of the disease emerge (Sutphen et al., 2015; Villemagne et al., 2011). This
silent stage of AD, when AD biomarkers indicate the presence of AD pathology but
there is no or only subtle cognitive impairment, has been termed “preclinical AD”
(Sperling et al., 2011). MCI is characterized by mild cognitive deficits that are not
severe enough to interfere with everyday function. Amnestic MCI (aMCI) is a sub-
type of MCI that is characterized by episodic memory deficits and is specifically
linked to a higher risk of progression to AD dementia. In the DSM-5-TR, the diag-
nosis of mild neurocognitive disorder was introduced (American Psychiatric
Association, 2022). Similar to MCI, mild neurocognitive disorder also represents
mild cognitive deficits; however, it is defined based on decline from a prior measure
of cognitive function. Measurement of AD biomarkers can be used with cognitive
testing and MCI classification to help distinguish MCI due to AD from other causes
of cognitive decline; thereby, improving diagnostic accuracy and guiding more tar-
geted treatment and intervention strategies. While AD refers to the trajectory of the
disease or pathological process that takes years to develop and progress, AD demen-
tia refers to a late-stage, detrimental outcome of this disease (Ward et al., 2013).
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Currently, there are 6.9 million AD dementia cases in the U.S. (2024 Alzheimer’s
Disease Facts and Figures, 2024). Barring any breakthroughs in research leading to
a cure, estimated global dementia cases are expected to almost double every 20
years, increasing from 55 million in 2021 to 78 million cases in 2030 and 139 mil-
lion in 2050 (ADI - Reports & Resources, n.d.). The rising prevalence of dementia
is due to increased life expectancy leading to greater numbers of older adults.
U.S. AD dementia prevalence increases with age, more than doubling with each
10-year age band age 65-85+: 5% of people ages 65-74 years; 13% of those 75-84
years; and 33% of those 85 years or older (2024 Alzheimer’s Disease Facts and
Figures, 2024). Global patterns in overall dementia prevalence mirror this age-
related pattern (World Health Organization, 2021). While dementia is growing
globally, the greatest increases will occur in low- and middle-income countries
(Gauthier et al., 2021). Table 5.3 provides an overview of the gender differences in
prevalence rates for AD.

It is well known that women bear the greatest burden of this disease as they rep-
resent 55% of the U.S. population 65 years or older and yet represent 67% of
U.S. AD dementia cases aged 65 years or older (2024 Alzheimer’s Disease Facts
and Figures, 2024). Among U.S. adults aged 65+ years, AD dementia prevalence is
11% of women and 9% of men. Globally, dementia prevalence is greater in women
vs. men across all age bands from age 65 years up (World Health Organization,
2021) (Table 5.1). Conversely, studies commonly report a higher prevalence of
MCI, the precursor AD stage, in men vs. women (Brodaty et al., 2013; Roberts
et al., 2012). Potential reasons for this paradox are discussed in the section titled,
Gender Differences in Diagnosis and Prognosis of Alzheimer’s Disease. Studies
examining rates of AD in transgender adults are sparse; however, the limited evi-
dence indicates higher prevalence and risk of AD and subjective cognitive decline
in transgender versus cisgender older adults (Flatt et al., 2021; Guo et al., 2022). In
a study examining electronic health records and claims data from the OneFlorida
Clinical Research Consortium among 1784 older (age > 50 years) transgender
adults and a matched cisgender control group, Kingdom found that the prevalence
of AD and related dementias was 3.5% in the transgender adults versus 2.2% in
cisgender controls and this difference was a statistical trend (p = 0.067; Guo et al.,
2022). Using data from the 2019 Behavioral Risk Factor Surveillance System, cis-
gender and transgender groups were age-matched by gender and dementia risk
scores a matched-cohort approach was used to develop sex and gender identity
cohorts (cisgender men, cisgender women, transgender men, transgender women,
and non-binary adults) for comparison. Dementia risk scores were calculated using
established mid-life and late-life risk score algorithms and the late-life dementia
risk scores were significantly higher in transgender men and women, and non-
binary compared to both cisgender men and women (Brady et al., 2023). This dis-
parity highlights the pressing need for more research on AD risk in the transgender
community along with the unique AD risk factors among the aging transgender and
other sexual/gender minority populations.
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Table 5.1 Gender differences in the risk and protective factors for Alzheimer’s disease

Factor Influence on dementia Gender differences

Low Low early-life education is W >M | Gender norms historically limited

education | strongly associated with a higher women’s education access, especially
risk of dementia due to lower in low- and middle-income countries

cognitive reserve
Physical Physical activity protects brain W >M | Women tend to experience greater

activity health by promoting blood flow cognitive benefits from exercise than

and and reducing the risk of obesity, men, particularly for executive

exercise diabetes, and cardiovascular function and hippocampal volume, but
disease not consistently

Stress High lifetime stress is linked with | W > M | Women report higher stress levels than
poorer cognitive performance men, possibly explaining part of the
and/or faster longitudinal gender disparity in dementia rates

cognitive decline
Depression | Depression increases risk for AD | W > M | Depression rates are twice as high in

and vascular dementia women
APOE The APOE-¢4 allele increases the | W >M | Women who carry the APOE-¢4 allele
genotype | risk of AD and lowers age at have higher risk than men who carry
onset this allele
Marital Being married tends to be W <M | Married status is less protective of AD
status associated with a lower risk for risk in women versus men
developing dementia
Dementia | Long-term caregiving is W >M | Women represent 60% of primary
caregiving | associated with stress, poorer caregivers for people with dementia
health outcomes, and potentially and report higher caregiving burden
cognitive decline than men caregivers, with potential

cognitive effects

Overall, evidence regarding gender differences in AD dementia risk suggests that
incidence is greater in women than men, especially among older adults aged 80+
years. Results from a meta-analysis of 11 European cohorts from Denmark, France,
Greece, Italy, Spain, Sweden, and the United Kingdom found that incidence in
women was 13.25 cases per 1000 person-years (95% confidence interval (CI),
12.05-14.51) vs. 7.02 cases per 1000 person-years (95% CI, 6.06-8.05) in men
(Niu et al., 2017). A meta-analysis of 16 cohorts in Asia, Australia, Europe, and
North and South America similarly found that incidence of AD was non-signifi-
cantly greater in women. Though differences were not significant, the effect sizes
were notable suggesting that many existing studies were not statistically powered to
test for gender differences (Fiest et al., 2016).

Women’s lifetime risk of AD dementia is also greater than men’s. Assuming
survival to age 65 years, women have a 21.1% risk of developing AD dementia vs.
men’s 11.6% risk (Chéne et al., 2015). This difference in risk may be due in part to
women’s greater longevity (Bureau, 2021) or selective survival by gender (e.g., men
die younger due to cardiovascular disease, a factor which is also related to demen-
tia; Shaw et al., 2021), but these factors are unlikely to fully explain gender-based
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differences. Women also represent the majority of AD dementia care partners, both
in the U.S. and globally (Alzheimer’s Association, 2024).

Alzheimer’s Disease Rates Across Race/Ethnicity by
Gender Groups

In addition to gender, there are a variety of factors associated with disparities in
dementia risk, including race/ethnicity, socioeconomic status, environment, cul-
ture, geographic location, and sexual orientation. Individuals who are non-White,
less educated, rural-dwelling and with fewer economic resources and limited
access to quality healthcare bear a disproportionate burden of dementia. In terms
of race/ethnicity, there are stark differences in dementia prevalence. Compared to
non-Hispanic/Latinx Whites, the risk of AD is two times higher in Black/African
Americans and 1.5 times higher in Hispanic/Latinx Americans (Alzheimer’s
Association, 2024; Rajan et al., 2021). In an epidemiological study of dementia
incidence in the U.S. from 2000 to 2013, incidence was highest for Black/African
Americans (26.6/1000 person-years) and American Indian/Alaska Native
(22.2/1000 person-years); intermediate for Hispanic/Latinx (19.6/1000 person-
years), Pacific Islanders (19.6/1000 person-years), and Whites (19.3/1000 person-
years) and lowest among Asian-Americans (15.2/1000 person-years; Mayeda
et al., 2020). How gender differences may differ by ethnoracial group requires an
understanding of how systems of oppression overlap to multiply disadvantage to
some groups, and this is critical for understanding risk stratification and develop-
ment of appropriate interventions. We consider such intersectional perspectives
further in a later section titled, Current State of Gender-Based Dementia Research
and Remaining Questions.

The precise reasons for the increased burden of dementia in the Black/African
American, American Indian/Alaska Native, and Hispanic/Latinx communities are
unknown but believed to be driven by structural/ social determinants of health (S/
SDOH) unique to marginalized communities including discrimination, environ-
mental risks, individual and structural racism and barriers to quality education and
healthcare (Stradford et al., 2024; Zsembik & Peek, 2001). The higher risk of AD in
women has the potential of intersecting with these various levels of disparities lead-
ing to multiple layers of disadvantage and compounding dementia risk. For exam-
ple, Black/African American women are an exceptionally high-risk group for AD as
demonstrated by Matthews et al. (2019) who examined AD prevalence rates by
gender and race/ethnicity (African American, Hispanic/Latinx, non-Hispanic white,
American Indian and Alaska Native and Asian and Pacific Islander) among Medicare
Fee-for-Service beneficiaries aged 65 years or more. Among these groups, they
found that AD prevalence is highest in Black/African American women and second
highest in Hispanic/Latinx women.
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Interestingly, studies within Australian and Canadian Indigenous populations
show that the gender disparity in dementia is actually reversed with men showing
higher rates of cognitive decline and dementia than women (R. Henderson et al.,
2024; Jacklin et al., 2012; Lavrencic et al., 2022; Smith et al., 2008). Underscoring
the importance of gender-related sociocultural factors in dementia disparities, the
authors speculate that this may be due to the higher rates of the dementia risk factors
of head injury, heavy alcohol use, history of police custody or incarceration, and
low education in men versus women in this community (Lavrencic et al., 2022).

Gender Differences in Alzheimer’s Disease
Clinical Presentation

The clinical trajectory and symptom presentation of AD is yet another aspect of the
disease that shows gender differences, and these differences seem to depend on
disease stage. In the preclinical to early MCI phase, studies suggest that women
actually have a cognitive advantage over men (Caldwell et al., 2017, 2019;
Sundermann, Biegon, et al., 2016; Sundermann et al., 2017, 2020; Sundermann,
Maki, et al., 2016), particularly in the domain of verbal memory. However, among
individuals with MCI, women tend to show more rapid decline than men (Holland
et al., 2013; Lin et al., 2015). This pattern of findings is depicted in Fig. 5.1 and
suggestive of a waterfall effect in women whereby they are better able to sustain
normal cognitive function than men in early AD stages; however, once a tipping
point of pathology burden is reached, women are no longer able to compensate and
accelerated cognitive decline begins.

To help us understand these gender differences in the clinical presentation of AD,
it is important to understand how women and men differ on average in terms of
healthy cognitive function. It is well established that gender differences in cognitive
abilities occur across the lifespan. Men typically have an advantage in visuospatial
abilities, mathematical reasoning, and gross motor skills, whereas women tend to
excel at tasks involving verbal and fine motor skills and processing speed (Elst
et al., 2005; Halari et al., 2005; J. H. Kramer et al., 1988; Mann et al., 1990; Mous
et al., 2017; Snow & Weinstock, 1990). In terms of verbal skills, the female advan-
tage in verbal memory, memory for verbally presented material (e.g., stories, word
lists), has been reliably demonstrated across the adult lifespan (Elst et al., 2005) as
well as in children (J. H. Kramer et al., 1997; Mous et al., 2017).

Because these gender differences are observed across the lifespan, a prevailing
theory is that these differences are rooted in the organizational effects of sex hor-
mones on brain development in utero (Gurvich et al., 2018; Halari et al., 2005).
Another possibility is that sociocultural factors of disparities in educational and
recreational exposures, as well as differences in social cues encountered during
childhood may contribute to gender differences in cognition (McCarthy & Konkle,
2005). Although the female advantage in verbal memory is beneficial to women,
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ironically, it may put women at a disadvantage in terms of detecting AD and inter-
vening at the earliest stages. This is because memory is a cognitive domain that
shows the earliest and most pronounced deficits in AD and, therefore, clinical tests
of verbal memory are commonly used in MCI and AD diagnostic criteria. Despite
the gender difference in verbal memory, the normative data and cut-points for
impairment on our clinical tests of verbal memory typically account for the influ-
ence of age and education, but not sex, which likely has implications for the clinical
detection of MCI and AD.

It is hypothesized that the female advantage in verbal memory enables women to
sustain “normal” memory performance, as defined by our clinical cut-points, despite
advancing AD neuropathology and delaying an MCI diagnosis until a more advanced
disease state compared to men. However, once AD pathology reaches a level of
severity at which women are no longer able to compensate and sustain their memory
function, they tend to decline faster than men as the disease is more advanced.

In support of this theory, a series of studies across AD biomarkers (hippocampal
atrophy, brain glucose hypometabolism, A plaque burden, pathological tau burden)
report that women sustain their verbal memory advantage over men despite evi-
dence of moderate AD pathology, but women show a greater decrease in verbal
memory when comparing those with severe versus mild/moderate AD pathology
suggestive of a more rapid decline in women (Caldwell et al., 2019; Digma et al.,
2020; Sundermann, Biegon, et al., 2016; Sundermann et al., 2017; Sundermann,
Maki, et al., 2016). This more aggressive profile of late-stage AD in women is sup-
ported by an autopsy study that found that AD pathology is more likely to be clini-
cally expressed as dementia in women than in men among 141 postmortem cases
with antemortem cognitive data (Barnes et al., 2005). The clinical implications of a
delayed onset of clinically evident memory impairment in women are weighty as it
limits the opportunity for early diagnosis and intervention when our currently avail-
able pharmaceutical and non-pharmaceutical interventions have the greatest poten-
tial of altering the disease course and life planning is better implemented.

Fig. 5.1 Gender
differences in the clinical
presentation of Alzheimer’s
disease by disease stage
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Gender Differences in Risk and Protective Factors
for Dementia

Education

Education may be associated with late-life cognition both via education duration
and quality and is thought to impart its benefits to cognition by increasing cognitive
reserve (Clouston et al., 2020; Stern, 2002). Low early-life education is strongly
associated with greater risk of later-life dementia (Caamafio-Isorna et al., 2006). A
meta-analysis of 14 studies found a relative risk (RR) of 1.80 (95% CI: 1.43, 2.27)
of AD dementia and 1.59 (1.26, 2.01) of all-cause dementia for those with low vs.
high education. Lower education quality is also associated with poor late-life cogni-
tive performance and incident dementia (Seblova et al., 2023; Soh et al., 2023). In
the Project Talent Aging Study, in which participants originally recruited from 42
states in the U.S. during high school were also followed up on later life (N = 2289;
mean age, years: 74.8+1.2; 52.6% women; 80.3% non-Hispanic White, 10.6% non-
Hispanic Black, 3.3% Hispanic, and 4.5% Asian), some associations of high school
education quality indicators with late-life cognition were driven by women vs. men,
though this was inconsistent (Seblova et al., 2023).

It is likely that gender-based differences in dementia related to education are due
to gender norms in which women have historically been given less access to educa-
tion, and this is still the case for many women and girls in low- and middle-income
countries and conflict settings. Low education is more common in low- and middle-
income countries overall, and thus intervening to reduce or remove this risk factor
would have a larger population level benefit on dementia in such countries
(Livingston et al., 2024; Shaaban & Rosso, 2024).

Physical Activity and Exercise

Physical activity is defined as any bodily movement that results in energy expendi-
ture (e.g., occupational, sports, household activities), whereas exercise is a subset of
physical activity that is planned, structured, and repetitive with the goal of improv-
ing or maintaining physical fitness (Caspersen et al., 1985). Sedentary behavior and
the related cardiovascular risk factors of obesity (Kim et al., 2017), diabetes
(Colberg et al., 2010), and cardiovascular diseases (Carnethon, 2009) are some of
the strongest and well-evidenced risk factors for dementia (Meng et al., 2020). A
key reason for this is that our brains are massively vascularized organs and healthy
blood flow to the brain is crucial for the delivery of oxygen and nutrients essential
for neuron function and overall brain health, while also removing waste products.
Physical activity/exercise also helps to improve sleep and mood and reduce inflam-
mation (Pujari, 2024) and, thus, serves as a multi-benefit lifestyle factor for
brain health.
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A growing body of literature indicates that physical activity and related cardio-
vascular risk factors do not impact women’s and men’s brains equally, although the
direction of effects varies depending on the specific risk factor and brain health
outcome examined (Barha et al., 2017; Dufouil et al., 2014; A. F. Kramer &
Colcombe, 2018; Meng et al., 2020). Some evidence suggests that women benefit
more cognitively from exercise compared to men (Barha et al., 2017; Dufouil et al.,
2014; A. F. Kramer & Colcombe, 2018). Furthermore, multimodal exercise, includ-
ing aerobic and resistance training, has been shown to benefit women more, espe-
cially in executive function performance (Barha et al., 2017, 2020). Research also
indicates that daily walking may have structural benefits to the hippocampus, par-
ticularly in women (Varma et al., 2016). On the other hand, some studies have
reported that men experience more exercise-related benefits in hippocampal volume
(Carlsonetal., 2015), global cognitive function, and executive functioning (Lindwall
et al., 2008; Tolppanen et al., 2015). Discrepancies in the benefits of exercise may
be partly explained by gender roles, as women generally exercise less than men over
their lifespans (Mielke et al., 2022) and may have a greater influence by factors such
as parenthood and caregiving (Nomaguchi & Bianchi, 2004; Verhoef et al., 1992).
The understanding of potential moderators such as biological sex and gender will
help in developing more targeted and effective exercise-based interventions for AD
prevention in the future.

Stress

Results from community-based studies of older adults suggest that greater stress is
associated with poorer cognitive performance at baseline and/or faster longitudinal
decline in global cognition, episodic memory, executive function, and visuospatial
ability (Aggarwal et al., 2014; Troxel et al., 2024; Turner et al., 2017). While asso-
ciations of stress with cognition did not vary by gender or race in a study of Black/
African American and White older adults, women reported greater levels of stress
than men and Black/African American participants reported greater levels of stress
than White participants indicating that stress may be an explanatory pathway for
gender and racial disparities in dementia (Aggarwal et al., 2014). Although associa-
tions of stress with poorer cognitive performance were found, the Think PHRESH
study found that stress was not associated with clinically adjudicated cognitive
impairment (MCI or dementia) among Black/African American older adults (N =
204 Black/African American adults; mean age, years: 63.7+9.3; 78.6% women;
Troxel et al., 2024).

Studies including childhood and midlife data suggest the need for a life course
approach to understand associations of stress with late-life cognition and dementia
and that cumulative lifetime stress exposures are important to consider. For exam-
ple, analyses carried out in a midlife U.S. cohort found that greater cumulative
stress as well as stress in childhood alone and stress in adulthood alone, were associ-
ated with poorer baseline global cognition, episodic memory, and executive
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function and slower global and executive decline (R. Chen et al., 2022; D’ Amico
et al., 2023), Furthermore, exploratory analyses suggested these relationships were
present in women, but not in men (D’ Amico et al., 2023). Emerging evidence from
a Spanish study of cognitively unimpaired adults aged 48—77 years (99% White,
61% women) suggests possible mechanistic pathways of these associations. The
study found that early and midlife stressful events are associated with Alzheimer’s
Disease and Related Dementias (ADRD) pathologies such as CNS inflammation,
plasma p-tau,g;, and neurodegeneration (Palpatzis et al., 2024). Gender differences
were found in this study such that stressful events were associated with brain amy-
loid accumulation in men and more neurodegeneration in women (Palpatzis
et al., 2024).

Depression

Meta-analyses including both men and women document an increased risk of
dementia including AD dementia (hazard ratio [HR] ranging from 1.65 to 1.90),
vascular dementia (HR: 2.52-2.71), and all cause dementia (HRs ranging from 1.85
to 1.97) associated with depression (Alzheimer’s Disease International [ADI],
2014; Diniz et al., 2013; Stafford et al., 2022), with differences not noted by gender
when evaluated (Stafford et al., 2022). These studies cannot completely rule out the
possibility that part of this relationship is explained by depression being an early
symptom of dementia rather than a cause of it, and associations appear stronger for
studies linking late-life depression with dementia or for studies with shorter follow-
up (Stafford et al., 2022).

However, a recent study using a Danish patient registry suggests associations of
depression with later dementia remain strong and significant whether the depression
was diagnosed in early, mid, or late-life, and suggests, consistent with the prior
studies, that those with a history of depression diagnosis have nearly double the risk
of dementia (Elser et al., 2023). This relationship of depression with dementia may
be slightly weaker in women than men (Elser et al., 2023). Yet, women have approx-
imately double the odds of a depression diagnosis as men, making depression an
important possible source of dementia gender disparities (Salk et al., 2017). Potential
mechanisms of the relationship of late-life depression, including both new onset
depression in late-life and depression with onset earlier in life, which is recurrent in
later life, include factors such as cerebrovascular disease, hypothalamic—pituitary—
adrenal (HPA axis) and glucocorticoid changes, and reduced brain and cognitive
reserve (Butters et al., 2008). Gender differences in the relation of depression and
AD, as well as mechanisms have been recently reviewed (Y.-H. Chen et al., 2024).
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APOE Genotype

The €4 allele of the apolipoprotein E (APOE-€4) gene is the strongest genetic risk
factor for late-onset AD, which often confers its risk in individuals aged 65 years
and older (Blacker et al., 1997). The human APOE gene exists as three polymorphic
alleles (€2, €3, and €4) which have a worldwide frequency in healthy Caucasians of
8.4%, 77.9% and 13.7%, respectively, across ages between 40 and 90 years.
However, the frequency of the €4 allele dramatically increases to ~40%, in patients
with AD (Farrer et al., 1997). The APOE protein is involved in the transport of cho-
lesterol and other lipids in the periphery of the brain (Caspersen et al., 1985). The
human APOE gene exists as three polymorphic alleles, €2, €3, and €4 with frequen-
cies in the global population of 8.4%, 77.9% and 13.7%, respectively (Farrer et al.,
1997). Each individual has a combination of two APOE alleles (one from the pater-
nal side and one from the maternal side) leading to a variety of combinations among
the €2, €3, and €4 alleles.

While the infrequent €2 allele has a protective effect against AD, the €4 allele
increases risk and the €3 allele is risk neutral. A large body of evidence indicates
that women are more vulnerable to the adverse effects of APOE- ¢4 on AD risk. A
meta-analytic study across nearly 58,000 older adults from 12 research institutions
in the Global Alzheimer’s Association Interactive Network (from North America,
Europe, Asia, and Australia) found that women with £3/¢4 have a higher age-specific
odds ratio of AD than men with the same APOE genotype between 65 and 75 years
(4.4 times increased odds of AD in women vs. 3.8 increased odds in men; Neu et al.,
2017). The authors suggest that the mechanisms that underlie these gender differ-
ences may be linked to physiologic changes associated with menopause and estro-
gen loss that begins at a mean age of 51 years (McKinlay et al., 1992) just prior to
when pathogenesis is believed to commence in the AD trajectory. Furthermore, the
presence of an APOE-€4 allele significantly increases the risk of AD and lowers the
age of onset in a dose-dependent manner based on gender (Caspersen et al., 1985;
C.-C. Liu et al., 2013). The more deleterious effect of APOE-¢4 in women versus
men has been shown to be driven more so by €3/e4 heterozygotes than €4/e4 homo-
zygotes (Payami et al., 1994; Poirier et al., 1993). Specifically, a meta-analysis by
Farrer et al. (1997) that collected APOE genotype across 40 research teams using
clinical, community, and brain bank sources and including White, Black/African
American, Hispanic/Latinx, and Japanese individuals showed that compared to the
€3/e3 genotype, the €3/e4 genotype was associated with a 4-fold increased risk of
AD in women and a 1.5 increased risk in men.

Furthermore, women €4 carriers are significantly more likely to convert from
MCI to AD than men. An analysis of over 5400 clinically normal participants from
the National Alzheimer’s Coordinating Center (NACC) and the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) (mean aged 73.0, 64% women) found that the risk
of clinical conversion conferred by the &4 allele was significantly greater in women
than men (Altmann et al., 2014).

While the reasons for the more adverse effect of the APOE-€4 allele in women
are not fully understood, various research groups suggest that APOE-g4 females
may exhibit higher levels of AD pathology, compromising brain network integrity,
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and/or accelerating long-term decline relative to their level of AD pathology
(Altmann et al., 2014; Caspersen et al., 1985; Heise et al., 2014; Sampedro et al.,
2015). Some evidence suggests that this gender disparity in the level of AD pathol-
ogy may be due to an interaction between the APOE-g4 genotype and the sex hor-
mone estrogen (Kang & Grodstein, 2012; Yaffe et al., 2000). Evidence of this
possibility is discussed below in the Menopause Hormone Therapy section.

Marital Status

The association between marital status and risk for dementia differs by gender,
whereby women who have never married or are widowed have a lower risk of devel-
oping AD compared to men (Najar et al., 2021; Pankratz et al., 2015; Van Gelder
et al., 2006). This observation may be due to the historical responsibility of women
for the healthcare of their family, ensuring that their family members receive regular
checkups and maintain a healthy diet sometimes at the expense of their own health
(Rosende-Roca et al., 2021). Moreover, compared to single men, single women are
more likely than men to seek healthcare and participate in social activities, which
are beneficial for cognition (H. Liu et al., 2020; Nebel et al., 2018; K. Williams &
Umberson, 2004). An important question yet to be addressed is how marital status
influences risk of dementia among the LGBTQ population. While some data sug-
gest that the risk of MCI and dementia is similar among older adults in same-sex
relationship versus adults in opposite sex relationships in the U.S. (Perales-Puchalt
etal., 2019), it remains unknown how risk of dementia may differ for LGBTQ indi-
viduals based on martial or partnership status.

Caregiving Patterns

A diagnosis of dementia has a profound impact not only on the individuals with the
condition but also on their family and friends. The emergence and progression of
dementia, along with the challenges and new responsibilities it brings, often lead to
changes in family dynamics (Teel & Carson, 2003). Women are often the primary
caregivers for people with dementia, providing the majority of informal care glob-
ally, estimated at 55-91% (Wimo et al., 2018). In the U.S., around 65% of the more
than 15 million unpaid caregivers for individuals with AD are women (Alzheimer &
Association, 2009). Additionally, women caregivers experience a higher level of
burden compared to men caregivers (Gallicchio et al., 2002).

Because dementia typically lasts for 5-15 years and the nature of symptoms is
variable, a caregiver must learn to adapt continually to the patient’s needs (Carter
et al., 2012), which has consequences for health, relationships, and financial status.
Several studies have explored the impact of caregiving on physical and emotional
health and well-being. Informal caregivers for patients with dementia suffer more
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significant stress with elevated levels of cortisol than other types of caregivers
(Allen et al., 2017; Dauphinot et al., 2015; Godfrey & Warshaw, 2009; World Health
Organization, 2011), and impaired attention and executive function (Allen et al.,
2017). There is a hypothesis that spousal caregivers may have a higher risk of cogni-
tive impairment or dementia compared to non-caregiver spouses due to various fac-
tors such as psychosocial issues (e.g., depression, social isolation, and sleep
problems), life-style factors (such as exercise and diet), and physiological variables
(like metabolic syndrome and inflammation; Vitaliano et al., 2011).

The differences between women and men in caregiver health outcomes are
underexplored. Women caregivers tend to experience higher levels of depression
and anxiety (H. D. Davies et al., 2012; Gallicchio et al., 2002; Ma et al., 2018) as
well as higher levels of burden as a result of an imbalance of care demands relatives
to caregiver’s role (social time, physical and emotional states or financial resources)
(Papastavrou et al., 2009) compared to men caregivers. Additionally, nearly three-
quarters of women caregivers express concerns about the ability to maintain their
own physical and mental health since taking on the caregiving role (Alzheimer’s
Association, 2022; Peacock et al., 2020).

Women caregivers are also likely to face adverse consequences in the workplace
due to their caregiving duties. Using data from the 1984 and 1987 National
Longitudinal Surveys of Mature Women, including more than 5000 women aged
between 30 and 44 years, Pavalko and Artis (1997) investigated the causal relation-
ship between women’s caregiving responsibilities and paid employment. Their find-
ings indicated that employment status did not influence whether women decided to
take on caregiving roles. However, once women became caregivers, they were more
likely to reduce their paid working hours or exit the workforce. Furthermore, ending
caregiving duties did not lead to an increase in their work hours, implying chal-
lenges in regaining the employment opportunities lost during midlife (Pavalko &
Artis, 1997). Overall, more research, including longitudinal studies, is needed to
understand the long-term impact of the dementia journey on the brain health of
women caregivers (Rosie et al., 2015).

Regarding sexual and gender minority (SGM) caregivers, previous literature
found that SGM caregivers experience higher levels of stress, health disparities, and
discrimination compared to non-SGM caregivers. SGM caregivers reported greater
psychological distress and feelings of isolation, partly due to a lack of targeted sup-
port and inclusivity in caregiving resources (Anderson et al., 2021). (Table 5.1)

Women-Specific Risk Factors for Dementia
Pregnancy

The impact of pregnancy on the risk of dementia and cognitive decline later in life
is not yet fully understood, with inconsistencies in the literature. Some studies sug-
gest that a higher number of pregnancies are associated with poorer late-life cogni-
tion (Jung et al., 2020; Ptok et al., 2002), higher risk of cognitive decline (Lee et al.,
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2024; L. Zhou et al., 2024) and MCI (Xi et al., 2022), greater AD pathology (Beeri
etal., 2009), and an earlier onset of AD (Colucci et al., 2006; Sobow & Kloszewska,
2004). Among 9756 nondemented and community-dwelling older women from six
population-based, prospective cohort studies from four European and two Asian
countries, grand multiparity (five or more parities) increased the risk of dementia by
30% compared to 1-4 parities; however, parity was not associated specifically with
AD (Bae et al., 2020). In contrast, among 7100 older (age > 65 years) women from
the Women’s Health Initiative Memory Study, higher parity was associated with
reduced risk for MCI/dementia and less cognitive decline (R. Zhou et al., 2022). In
a cross-sectional study with 95 British women, a higher number of months spent
pregnant in the lifetime was associated with a 20% reduced risk of AD (Fox et al.,
2018). Interestingly, among 273,240 women and 228,957 men from the U.K. Biobank
cohort, having 2 children was associated with a slightly lower dementia risk com-
pared to having no or 4 or more children, suggesting that the relationship between
parity and dementia risk may not be linear (Gong et al., 2022). The fact that the
relationship between number of children and dementia risk was similar between
men and women suggests that psychosocial factors associated with parenting are
likely contributors to this relationship that are important to account for.

Pregnancy complications are also linked to a higher risk of AD. Hypertensive
disorders of pregnancy, including gestational hypertension and preeclampsia, are
associated with brain atrophy and cognitive decline detected as early as 5—15 years
after the pregnancy (Mielke et al., 2016; Shaaban et al., 2021; Siepmann et al.,
2017; Wiegman et al., 2014) and with higher risk for dementia (Andolf et al., 2017;
Basit et al., 2018; Garovic et al., 2020; Schliep et al., 2023). See Chap. 3 (Stroke and
Vascular Dementia) for more details about the relationship between hypertensive
disorders of pregnancy and overall vascular risk.

The biological mechanisms connecting pregnancy and dementia risk are unclear.
One overarching hypothesis suggests that women who spend more time pregnant in
their lives will experience a reduction in AD risk via improvement in immunoregu-
lation caused by a dramatic increase in T-regulatory cells during the first trimester
followed by more gradual increases for at least a year post-partum (Fox et al., 2018;
Heikkinen et al., 2004; Lima et al., 2017; Somerset et al., 2004). Relatedly, evidence
suggests that pregnancy induces protection and relief from autoimmune diseases
(Buyon, 1998). Pregnancy-related immune adaptations, together with endocrino-
logical changes, may impact maternal brain plasticity during pregnancy and the
postpartum period, potentially influencing the trajectory of neurobiological aging
(Barth & de Lange, 2020) later in life. However, other mechanisms involving social
factors and modifiable risk factors of AD related to parenting should be considered
(Callaghan et al., 2024; Giudicessi et al., 2022). In this regard, a recent cross-
sectional study with 1016 cognitively unimpaired women from the National Health
and Nutrition Examination study found an association between greater number of
term pregnancies and worse cognitive performance and that this association was
partially mediated by socioeconomical status (Giudicessi et al., 2022).

These studies highlight the importance of acknowledging and understanding the
long-term implications of both the biological and psychosocial aspects of parity on
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brain health and dementia risk in women. By understanding these links, we can bet-
ter understand dementia etiology, assess dementia risk and develop targeted risk
reduction and treatment strategies in women (Galea et al., 2018).

Menopause

The timing of menopause shows an impact on the risk of dementia. An earlier age
at menopause occurring spontaneously, before 45 years old, is associated with cog-
nitive decline (Kuh et al., 2018; Lindseth et al., 2022). Early or premature meno-
pause is often caused by the surgical removal of the ovaries, i.e., bilateral
oophorectomy, prior to the natural cessation of ovarian function for medical reasons
such as ovarian cancer, endometriosis or uterine fibroids (Sochocka et al., 2023).
Multiple studies show associations between surgical menopause and cognitive
decline and increased risk of dementia (Georgakis et al., 2019; Gervais et al., 2020;
Phung et al., 2010; Rocca et al., 2011). Specifically, in a study by Gervais et al.
(2020), bilateral oophorectomy was associated with an increased AD risk by up to
70%. Further, an earlier age at menopause due to surgical menopause is associated
with lower gray matter volume in the medial temporal lobe (Zeydan et al., 2019),
higher white matter hyperintensities load (Lohner et al., 2022), and greater neuro-
pathological burden (Bove et al., 2014; Coughlan et al., 2023; Rahman et al., 2020)
than spontaneous menopause.

The effects of menopause transition on AD risk are also highlighted by neuroim-
aging studies. These studies have shown that women in midlife, during perimeno-
pause and postmenopause, who have family history of AD, exhibit increased AD
biomarkers, including higher AP deposition (Mosconi et al., 2017, 2018, 2021),
brain glucose hypometabolism (Mosconi et al., 2017, 2018), and gray matter loss in
AD-vulnerable regions (Mosconi et al., 2017, 2018, 2021; Schelbaum et al., 2021)
compared to premenopausal women and age-matched men. Additionally, A depo-
sition is found to be exacerbated in postmenopausal, women APOE-¢4 carriers
compared to premenopausal and perimenopausal, women APOE-g¢4 carriers
(Mosconi et al., 2017). With the hypothesized model of the AD trajectory in mind,
it is notable that the timing of menopause aligns with the beginning stages of AD
pathogenesis (Sperling et al., 2011). It is theorized that menopause and its effects on
the brain may exacerbate or accelerate these early pathological processes, poten-
tially increasing the risk of developing AD later in life in women. In this context,
growing evidence supports the idea that menopausal transition is an optimal win-
dow of opportunity for AD preventive interventions in women (Mosconi &
Brinton, 2018).
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Menopause Hormone Therapy (MHT)

MHT, often referred to as hormone replacement therapy, relieves the symptoms of
menopause by supplementing the body with estrogen, and sometimes progesterone,
to replace the diminished levels of ovarian hormones (Sindi et al., 2021). Although
there is significant evidence from animal models demonstrating the neuroprotective
effects of estrogen (Brinton, 2008; Brinton et al., 2015), the use of MHT for demen-
tia risk reduction has been a topic of controversy due to inconsistent evidence in the
literature suggesting both beneficial and harmful (and neutral) effects of MHT on
dementia risk. Over the past two decades, several studies have suggested the exis-
tence of a critical window or period during which MHT exerts neuroprotective
effects, known as the “window of opportunity” hypothesis (V. W. Henderson &
Rocca, 2012; Maki, 2008; Maki & Sundermann, 2009; Whitmer et al., 2011; Zandi
et al., 2002). This hypothesis implies that the effect of MHT depends on when treat-
ment is initiated, with more beneficial effects likely when treatment starts closer in
time to menopause.

A recent meta-analysis covering over 20,000 MHT-treated women found an
association between MHT use and risk of AD or dementia, with the association
varying based on the timing of initiation and the therapy formulation. In midlife,
estrogen-only therapy use was associated with a 32% reduction in dementia risk,
while estrogen-plus-progestogen therapy use showed a non-significant 23% risk
reduction as compared to non-use. Conversely, late-life use of both formulations
was associated with an increased dementia risk, although neither reached statistical
significance (Nerattini et al., 2023). These results are in line with previous observa-
tional studies, which indicated that introducing MHT in midlife reduced the risk of
AD by 22% and the risk of all-cause dementia by 19% (Nerattini et al., 2023).

This evidence was promising and led to the first randomized clinical trial of the
effects of MHT on dementia risk in older (aged > 65 years), postmenopausal women
conducted by the Women’s Health Initiative Memory Study (WHIMS). Specifically,
the WHIMS investigated the impact of conjugated equine estrogen (CEE) in women
with prior hysterectomy over age 65 years and the impact of CEE combined with
progesterone therapy (medroxyprogesterone acetate [MPA]) in naturally postmeno-
pausal women over age 65 years (Shumaker et al., 2003, 2004). The trials were
surprisingly stopped prematurely due to a lack of evidence that CEE lowered the
risk of all-cause dementia in postmenopausal women with prior hysterectomy
(Shumaker et al., 2004) and combination CEE/MPA actually doubled the risk for
all-cause dementia among naturally postmenopausal women (Shumaker et al.,
2003). This finding came as a shock to many researchers and led to the “window of
opportunity” hypothesis as this trial was in women aged 65 years and older whereas
most of the earlier observational studies were in women who were closer to the
menopause transition. The window of opportunity hypothesis suggests that starting
MHT close to the onset of menopause (within about 5 years) may help protect cog-
nitive function, while delaying therapy until later in life could increase the risk of
adverse effects on brain health (Maki, 2013; Nerattini et al., 2023; see Fig. 5.2).
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Fig. 5.2 Window of opportunity hypothesis

Consistent with the “window of opportunity” hypothesis, the evidence of a ben-
eficial effect of MHT on dementia risk is most robust and consistent for women who
recently underwent surgical menopause and only require estrogen-only therapy as
the there is no need for a progesterone to protect the uterus against endometrial
hyperplasia (The North American Menopause Society, 2022). However, the “win-
dow of opportunity” hypothesis was not supported by some prospective studies that
found that MHT use did not benefit cognition in recently postmenopausal women
(spontaneous only or combined spontaneous and surgical), although MHT use also
did not have an adverse effect on cognition (Ryan et al., 2009; Weber et al., 2014).
More long-term follow-up data is needed in these cohorts to examine the “window
of opportunity” hypothesis on late-life dementia risk.

Further evidence supports the link between MHT and its impact on cognition and
AD biomarkers in postmenopausal women. Research findings indicate that MHT
initiated during early postmenopause may help maintain certain cognitive domains,
such as verbal memory (LeBlanc et al., 2001; Maki, 2005) as well as learning and
processing speed (Maki & Sundermann, 2009). Notably, a recent prospective inter-
ventional study involving 224 cognitively unimpaired postmenopausal women who
had not previously used MHT, assessed plasma biomarkers of Ap pathology, tauop-
athy, and neurodegeneration. The study found that MHT use was linked with lower
rates of AD biomarker change as reflected in a smaller reduction in AB2/ptau231
ratios, with more pronounced effect in APOE-e4 allele carrier (Depypere et al.,
2023). Therefore, it is essential for future research to focus on gaining a better
understanding of MHT efficacy, timing, type, and modality of MHT for timely and
precision medicine interventions (Depypere et al., 2023; Sindi et al., 2021).

Other studies have also indicated that the effects of MHT on women’s cognition
are influenced by APOE genotype, although the direction has been inconsistent
(Burkhardt et al., 2004; Valen-Sendstad et al., 2010; Yaffe et al., 2000). Some stud-
ies report that MHT has a more beneficial effect for €4 non-carriers. For instance,
among 3393 Medicare-eligible women from the Cardiovascular Health Study, past
or current estrogen use was associated with reduced risk of developing cognitive
impairment and reduced thickening of the common and internal carotid artery walls
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(named carotid atherosclerosis) only among APOE-g4 non-carriers (Yaffe et al.,
2000). Other studies suggest that MHT reduces AD risk in €4 carriers (Tang et al.,
1996), or have found a beneficial effect of MHT regardless of APOE genotype
(Zandi et al., 2002). Therefore, more research is essential to uncover the mecha-
nisms behind the stronger effects of the APOE-g4 allele in women and the interac-
tion between APOE and endocrine-related health events in women to understand
their implications for targeted risk reduction and treatment interventions.

The impact of hormone therapy on dementia risk is especially relevant to the
transgender and gender diverse (TGD) population due to the integral role of sex
hormones in gender-affirming care (Brady et al., 2023). However, there is limited
research exploring the impact of aging on gender-affirming intervention. Increasing
evidence suggests that gender-affirming hormone therapies may increase cardio-
metabolic risk (Aranda et al., 2021; Dutra et al., 2019; Swe et al., 2022), which in
turn could contribute to a higher risk of dementia. In contrast, a meta-analysis of 10
studies involving 234 birth-assigned males and 150 birth-assigned females found no
evidence to support an adverse impact of gender-affirming hormone therapy on cog-
nitive function. Notably, the analysis revealed a statistically significant improve-
ment in visuospatial ability among birth-assigned females (Karalexi et al., 2020) on
gender-affirming hormone therapy. Another cross-sectional study including 73
transgender women and 39 transgender men (age between 56 and 84 years) suggests
the importance of accounting for psychological factors when examining the rela-
tionships of TGD status and gender-affirming hormone therapy to cognitive func-
tion including the high rates of anxiety, depression or loneliness found among TGD
individuals (van Heesewijk et al., 2025). Future studies should focus on long-term,
longitudinal research to clarify these relationships and inform evidence-based
guidelines that support cognitive health and overall well-being in the TGD popula-
tion (Table 5.2).

Table 5.2 Women-specific risk factors for dementia: key take-home messages

Pregnancy |¢ The relationship between pregnancy and dementia risk is mixed: some studies
link a higher number of pregnancies to poorer cognition, while others report
protective effects.

* Pregnancy complications like preeclampsia may increase dementia risk.

Menopause | * Early or surgical menopause increases dementia risk, potentially due to loss of
neuroprotective hormones.

» The menopause is a neurological transition state characterized by changes in
brain structure, connectivity, and metabolism that may exacerbate or accelerate
early AD pathologic processes.

MHT *  MHT shows neuroprotective effects when started soon after menopause, but it
may increase dementia risk if initiated later.

* The timing and type of MHT are critical to its potential benefits on cognition
and AD risk.

Note. AD = Alzheimer’s disease; MHT = menopause hormone therapy
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Gender Differences in Diagnosis and Prognosis
of Alzheimer’s Disease

A Gender Paradox in MCI versus AD Prevalence

There are a couple of contributing factors that may underlie the paradox of higher
rates of MCI in men despite the higher rates of AD dementia in women. First, the
previously described gender differences in AD clinical trajectory may contribute,
whereby the female cognitive advantage in early-stage AD followed by a steeper
decline may lead to a delayed diagnosis of MCI and a shorter timespan in the MCI
stage. This has motivated development of gender-specific verbal memory norms. In
ADNI and the Rush University Memory and Aging Project, Sundermann et al.
(2019) showed that when these gender-specific norms are incorporated into the MCI
diagnostic criteria, about 10% of women previously classified as cognitively unim-
paired, were reclassified as MCI (false negatives), and 10% of men, previously clas-
sified as MCI were reclassified as cognitively normal (false positives). The
comparison of AD biomarkers and rates of progression to dementia across diagnos-
tic groups suggested that the new diagnostic classification derived from sex-adjusted
norms are more accurate (Sundermann et al., 2019, 2021). Moreover, consistent
with other studies, the prevalence of MCI was lower in women vs. men when using
the conventional MCI diagnostic criteria, but this difference was either eliminated
or reversed when using sex-specific diagnostic criteria (Sundermann et al.,
2019, 2021).

These results suggest that prior reports of lower MCI rates in women vs. men
may be an artifact of the use of non-sex-adjusted in MCI criteria. The incorporation
of sex-specific norms into MCI diagnostic criteria may improve diagnostic accuracy
and avoid diagnostic errors in approximately 20%. Importantly, applying sex-based
norms may help to identify women at an earlier disease stage when they can more
likely benefit from the interventional studies that typically recruit MCI individuals.
Similarly, Banks et al. (2019) found that women-specific cognitive composites
increase the statistical power to detect cognitive changes over time among AD bio-
marker positive cognitively normal and MCI women and, thus, reduce the sample
size needed in clinical trials.

Gender Differences in AD Mortality Rates

Together with incidence and prevalence of a disease, mortality rates and time to
death are important epidemiologic measures of disease. Mortality is defined as
deaths attributable to disease (Dubal, 2020). Several studies show that women prog-
ress to death at a later age than men in both early (Liang et al., 2016; Ueki et al.,
2001) and late-onset AD (Lapane et al., 2001). In addition, the rapid progression to
death in men is observed to closely correlate with higher rate of cognitive decline
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(Hui et al., 2003; Stern et al., 1997). However, Buckley et al. (Buckley, Waller,
et al., 2019) examined over 180,000 dementia mortality cases in Australia based on
death certificates and found that deaths with AD were higher for women, whereas
rates of death with vascular dementia were higher for men. These controversial
results highlight the presence of methodological challenges for research examining
gender differences in risk of AD, including challenges in measurement, survival
bias and competing risks (Buckley, Waller, et al., 2019). A large and in-depth study
of over 9000 individuals with probable AD diagnosis in the U.S. found that signifi-
cant predictors of death in women were those related to disability, an impairment in
activities of daily living, malnutrition, and other medical comorbidities. In contrast,
significant predictors of AD mortality in men were those related to AD itself, such
as dementia severity and presence of delirium episodes (Lapane et al., 2001).

Frontotemporal Dementia (FTD)

Introduction

FTD is one the most common clinical forms of early-onset neurodegenerative dis-
ease. FTD clinical syndromes span multiple phenotypes including (a) social and
behavioral changes, known as behavioral variant FTD (bvFTD); (b) impairments of
speech and language, known as primary progressive aphasia (PPA); (c) extrapyra-
midal motor disorders including progressive supranuclear palsy-Richard’s syn-
drome (PSP-RS) and corticobasal syndrome (CBS); and (d) pyramidal motor
disorders like amyotrophic lateral sclerosis (ALS). Similar to AD, studies show
phenotypic and prevalence gender differences in FTD, although much fewer studies
have directly interrogated these differences.

Frontotemporal lobar degeneration (FTLD) is the main pathology type respon-
sible for these conditions, accounting for roughly 95% of the clinical FTD syn-
dromes described above. FTLD is divided into two major pathology classes:
misfolded tau (FTLD-tau) and TAR DNA-binding protein of ~43 kDa (FTLD-TDP)
(Wilson et al., 2023). The main risk factors associated with FTLD include age and
family history (Wilson et al., 2023), with mixed results and limited studies on other
potential risk factors including sex, race, and geographic variation. Throughout this
part of the chapter, we will review the literature on the unique experience of spo-
radic bvFTD, PPA, and PSP-RS/CBS in women and briefly summarize these FTD
types in the following sections.

bvFTD is typically associated with social and personality changes and the under-
lying pathology can be either FTLD-tau or FTLD-TDP. The two major types of PPA
associated with FTLD include non-fluent/agrammatic PPA (nvPPA) and semantic-
variant PPA (svPPA). nvPPA is typically associated with deficits in speech (effort-
ful), grammar, and word output, with FTLD-tau as the underlying pathology (Wilson
et al., 2023). svPPA includes a progressive disorder of semantic knowledge and
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naming and is characteristically associated with left anterior temporal lobe atrophy
with FTLD-TDP type C as the underlying pathology (Wilson et al., 2023). Finally,
PSP is a sporadic neurodegenerative Parkinsonism disorder characterized by pre-
dominant axial rigidity, bradykinesia, and supranuclear gaze palsy (Price & Morris,
1999), with histopathologic patterns of widespread glial tau inclusions and neurofi-
brillary tangles in subcortical gray matter (Villemagne et al., 2011).

Epidemiology

As described above, FTD is less common compared to AD. Consequently, there is a
dearth of epidemiological studies examining gender differences in the prevalence
and incidence of bvFTD (Onyike & Diehl-Schmid, 2013) (Table 5.1). In a study
examining sporadic FTD, defined by those who met clinical diagnostic criteria for
probable or definite bvFTD or PPA (Gorno-Tempini et al., 2011; Rascovsky et al.,
2011) without a genetic mutation, age of symptom onset was later in women com-
pared to men with FTD, primarily driven by bvFTD and non-fluent/agrammatic
PPA syndromes (de Boer et al., 2021). Additionally, sporadic bvFTD was less pre-
dominant in women (38.4% women, total bvFTD N = 654) compared to genetic
bvFTD (47.1%; de Boer et al., 2021). Many other studies have similarly found
sporadic bvFTD to have a lower incidence in women compared to men (Diehl &
Kurz, 2002; Heuer et al., 2020; Johnson et al., 2005; Pengo et al., 2022; Ratnavalli
et al., 2002), although mixed (Onyike & Diehl-Schmid, 2013) and conflicting
(Gustafson et al., 2001) results have been reported as well.

nvPPA is typically seen in women, while men have a higher prevalence of svPPA,
as described in both clinical (de Boer et al., 2021; Johnson et al., 2005; Pengo et al.,
2022; Rogalski et al., 2007) and pathologically confirmed PPA cohorts (Johnson
et al., 2005; Spinelli et al., 2017). Similar to the syndromes described above, most
studies find a lower incidence of PSP in women (Bower et al., 1997; Chiu et al.,
2010; Driver-Dunckley et al., 2023; Litvan, Mangone, et al., 1996; Nasri et al.,
2024; Santacruz et al., 1998; Stang et al., 2020), although not all have been patho-
logically confirmed (D. R. Williams et al., 2005). See Table 5.3 for a summary of
gender differences in AD and FTD rates.

Gender Differences in Clinical Presentation

Few studies have interrogated gender differences in clinical symptoms of bvFTD. In
a cohort of 216 individuals with definitive bvFTD, a subset of whom had autopsy
confirmed FTLD, women with bvFTD had worse atrophy in frontotemporal regions
compared to men in the presence of similar clinical characteristics (Illdn-Gala et al.,
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Table 5.3 Gender-based differences in prevalence rates for Alzheimer’s disease and frontotemporal
dementia

Gender with
higher
Type of dementia prevalence Notes
Alzheimer’s disease | Women Women represent ~67% of U.S. AD cases in adults

65+; lifetime AD risk is ~21.1% for women versus
11.6% for men.

Behavioral variant Men (bvFTD) | Sporadic bvFTD has higher incidence and prevalence

frontotemporal in men (61.6%) versus women (38.4%) (de Boer et al.,

dementia 2021).

Primary progressive | nvPPA: nvPPA is more common in women, while svPPA is

aphasia ‘Women; more common in men (Johnson et al., 2005; Rogalski
svPPA: Men et al., 2007).

Progressive Men PSP prevalence is generally higher in men, though

supranuclear palsy findings vary, and not all studies are pathologically

confirmed (Driver-Dunckley et al., 2023; Litvan,
Mangone et al., 1996; Nasri et al., 2024).

Note. AD = Alzheimer’s disease; bvFTD = behavioral variant of frontotemporal dementia; nvPPA
= non-fluent/agrammatic variant of primary progressive aphasia; PSP = progressive supraenuclear
palsy; svPPA= semantic variant of primary progressive aphasia

2021). Women and men with bvFTD were diagnosed at similar disease stage and
had a similar disease trajectory after diagnosis. Overall, for a given amount of atro-
phy, women performed better than expected on executive function tasks and had
fewer changes in apathy, sleep, and appetite, suggesting greater resilience in women
(Illan-Gala et al., 2021).

A study from the Northwestern Alzheimer’s Disease Center comparing severity
of language impairment in men vs. women with PPA found that verbal fluency per-
formance at baseline and rates of decline over time were worse for women, although
the difference was not statistically significant (Rogalski et al., 2007). A similar com-
parison in AD, who on average were older and less educated than the PPA group,
did not reveal differences in language test scores by gender at any time point sug-
gesting the uniqueness of this gender disparity to PPA (Rogalski et al., 2007). In
another study of a combined cohort of bvFTD and PPA (svPPA and nfPPA) examin-
ing neuropsychiatric symptoms, there were no gender differences in overall neuro-
psychiatric symptoms (Silvestri et al., 2024); however, delusions, hallucinations,
and depression were more frequently reported in women, while agitation/aggres-
sion, apathy/indifference, and irritability/lability were more frequently reported in
men (Silvestri et al., 2024).

A large study of 334 hospital patients in South India with PSP were evaluated on
clinical symptoms using the National Institute of Neurological Disorders and Stroke
and the Society for PSP criteria (1996) (Litvan, Agid, et al., 1996) and, retrospec-
tively, the Movement Disorders Society criteria for PSP (2017) (Hoglinger et al.,
2017) to diagnose subtypes. Of note, the clinical syndromes included both PSP-RS,
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as well as other syndromes including PSP-Parkinsonism, PSP-frontal, PSP-
corticobasal syndrome, PSP-speech/language syndrome, and others (Mahale et al.,
2022). Falls within one year, apathy, executive dysfunction, and pyramidal signs
(hyperreflexia) were more frequent in women, while there was no difference on
other motor symptoms like rigidity, bradykinesia, dystonia, apraxia, or vertical sac-
cade slowing and gaze palsy. Finally, women were more likely to reach aphasia, and
severe dysphagia and cognitive impairment earlier than men (Mahale et al., 2022).
Comparatively, other studies among PSP patients found women to have a less domi-
nant motor symptom phenotype than men (Santacruz et al., 1998), and that women
had longer disease duration than men (O’Sullivan et al., 2008), while others found
no gender differences in baseline cognitive performance or longitudinal change in
PSP-RS (Digma et al., 2023) or in disease onset, duration or motor symptoms (Baba
et al., 2006). Finally, an examination of the distribution of co-pathologies (e.g.,
small vessel disease, cerebral amyloid angiopathy, beta-amyloid, neurofibrillary
tangles, TDP-43) found no differences between women and men (Jecmenica Lukic
et al., 2020).

Gender-Based Risk and Protective Factors for FTD/FTLD

Overall, FTD and FTLD diagnostic incidence was found to be lower in women than
in men (Logroscino et al., 2023). While not discussed in this chapter, women seem
to have a decreased risk of developing ALS, as well (Manjaly et al., 2010; Mata
et al., 2023). In pursuing a better understanding of why women are less likely to
develop ALS, a few studies found head trauma as a risk factor, incurred more fre-
quently by men (Ingre et al., 2015; Pearce et al., 2015) and, therefore, may be one
reason for the gender differences observed in the broad spectrum of FTLD. Other
possible explanations include (1) sex-specific vulnerability in left frontal regions for
women and right frontal and bilateral temporal regions for men (Flaherty et al.,
2018) in diseases like PPA; (2) higher cognitive social reserve in women as demon-
strated by their greater atrophy in FTD-sensitive brain regions despite similar clini-
cal characteristics to men suggesting delayed symptom onset in women (de Boer
et al.,, 2021; Heuer et al., 2020); (3) underrepresentation of women in non-
epidemiologic studies (e.g., females are referred at later stages due to factors like
social roles; de Boer et al., 2021); (4) higher psychiatric misdiagnosis in women
(J. D. Woolley et al., 2011); and (5) a predilection for women to recognize social
cognitive deficits in spouses earlier than vice versa (Devenney et al., 2018; Gossink
et al., 2016).
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Current State of Gender-Based Dementia Research
and Remaining Questions

Intersection of Gender with Race/Ethnicity and SDOH

There is a need for more research examining the intersectionality of race/ethnicity,
sex/gender, and sociocultural factors in dementia risk factors and clinical presenta-
tions in diverse populations worldwide. A better understanding of these intersecting
disparities is essential for advancing our understanding of the disease and improv-
ing health outcomes across diverse populations, and yet this research is scarce.
Complicating investigations into the gender and race/ethnicity intersection is the
limited diversity of large, aging cohort studies and the underrepresentation of com-
munities of color, particularly Black/African Americans, in clinical research on
dementia. Only 5% of participants in observational studies and 8% in drug trials are
Black or African American (Alegria et al., 2021). The reasons for this are multi-
factorial and include resource and access limitations, study design issues and medi-
cal and scientific mistrust resulting from historical unjust treatment of minoritized
communities in medical care (Stradford et al., 2024). It is essential for the scientific
community to use both study design-based approaches to enhance diversity of sam-
ples—principles of good recruitment and representation science approaches such as
developing inclusive and accessible research designs and appointment times and
conducting culturally appropriate community outreach strategies to establish trust
with minoritized communities—and analytic approaches that can improve external
validity such as inverse probability of selection weighting (Shaaban & Rosso,
2024). Only by doing so will our research be relevant and useful in real-world appli-
cations and serve the general population.

Few studies have examined the gender by race/ethnicity and other intersections,
and the results demonstrate the importance of the question. A qualitative review of
the literature on race by gender differences in AD and related dementias pathology
reports that the higher prevalence of AD and related dementias in women versus
men of the same race may be due to both higher pathological tau burden and greater
vulnerability to cognitive decline when amyloid pathology and cerebral small vessel
disease is present. Greater neurodegeneration and cerebral small vessel disease
were also observed in Black/African American women relative to non-Hispanic/
Latinx White older individuals (Royse et al., 2021). Avila et al. (2019) examined
whether cognitive trajectories differ between women and men across and within
racial/ethnic groups within the diverse aging cohort of the Washington/Hamilton
Heights-Inwood Columbia Aging Project. They found that older Black/African
American women showed steeper memory and visuo-spatial decline over time com-
pared to Hispanic/Latinx men and non-Hispanic/Latinx White women, respectively
(Avila et al., 2019). More recent work has examined intersectionality of gender,
race/ethnicity, and lifecourse financial mobility. This work found that consistently
low and downward lifecourse mobility were associated with poorer late-life mem-
ory function and that this did not vary across intersectional gender-race/ethnicity
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identities among the ethnoracially diverse pooled KHANDLE and STAR cohorts
from an integrated health system in northern California (N = 2340; mean age, years:
73.6 = 8.1; 62.4% women; 16.6% Asian, 48.5% Black, 14.3% Latinx, and 20.6%
White; Kobayashi et al., 2024). Altogether these results indicate that examining the
intersections of gender with other structural and identity-based factors can add criti-
cal insights into our understanding of AD health disparities and contribute to the
development of personalized medicine approaches to prevent or delay dementia.

A Need for More Inclusive Definitions of Sex/Gender
and the Inclusion of Sex and Gender Minority Populations
in Clinical Research

A limitation of sex and gender research more broadly is the over reliance on the
binary classification of sex and gender that fails to capture the fluidity and diversity
that can occur for sex and gender both within and among individuals. Historically,
sex has been a binary classification defined by sex chromosomes, reproductive
organs and sex hormones; however, sex chromosomes, hormones, and secondary
sexual characteristics do not always align in a straightforward way. Intersex refers
to arange of conditions (e.g., Turner syndrome [XO], Klinefelter syndrome [XXY])
where individuals may have chromosomes, gonads, or genitalia that do not fit typi-
cal definitions of male or female. Binary sex classification excludes the intersex
community, which represents about 1.7 to 4% of the population (Fausto-Sterling,
1993; Sears, 2005) with estimates varying depending upon the criteria for what
constitutes an intersex condition and the population studied. Gender involves com-
plex social and psychological dimensions, including roles, expectations, and self-
perception. These factors contribute to a range of gender experiences that are not
limited to a binary framework. The historical exclusion of those with sex or gender
identities outside of the binary classification has several consequences including
incomplete understanding of how dementia manifests across diverse populations,
missed insights into how the full spectrum of genetic, hormonal or sociocultural
aspects contribute to dementia risk and the perpetuation of health inequities and the
marginalization of these individuals (Mielke et al., 2022).

Sexual orientation also occurs on a spectrum and has shown influences on brain
health and dementia outcomes. Growing evidence suggests that sexual orientation
and its intersection with sex and gender identity influences brain health and demen-
tia outcomes via the consequences of social marginalization (Flatt, 2020). Numerous
studies have reported that sexual and gender minority (SGM; e.g., lesbian, gay,
bisexual, transgender, non-binary, gender fluid) individuals are more likely to have
a modifiable risk factor (e.g., heavy alcohol use, smoking, cardiovascular risk fac-
tors, depression) for dementia compared to their non-SGM counterparts (Caceres
et al., 2017; Corliss et al., 2018; Fredriksen-Goldsen et al., 2013; Jackson et al.,
2016; Lee et al., 2009; Pharr, 2021). In a scoping review of the literature on
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cognitive impairment in SGM groups, Romanelli et al. (2024) reported that among
eight studies examining self-reported cognitive impairment, seven found a higher
prevalence among some SGM groups versus non SGM groups (Romanelli et al.,
2024). Among three studies with clinician-provided dementia diagnoses based on
objective cognitive assessments, two reported a higher likelihood of dementia diag-
nosis in transgender versus cisgender individuals (Romanelli et al., 2024). However,
the review also notes the considerable variability in the literature on dementia-
related outcomes in SGM groups including a longitudinal study from the National
Alzheimer’s Coordinating Center that found no difference in risk of dementia
between SGM and non-SGM groups in the overall sample or stratified by sex
(Perales-Puchalt et al., 2019). The authors comment that comparison across these
studies is challenging due to variability in how SGM groups and cognitive impair-
ment were defined and the factors adjusted for in statistical models with some stud-
ies observing null findings due to adjustment for the psychological and sociocultural
factors that may be driving a higher risk of cognitive impairment in SGM groups
(Romanelli et al., 2024).

Perhaps the largest limitation of dementia research in SGM populations is the
underrepresentation of SGM groups in clinical research as well as the lack of inclu-
sion of sexual and gender minority status questions in research studies (Romanelli
et al., 2024). Efforts are needed to recruit SGM populations into research as their
inclusion is crucial to identify factors that may put these groups at higher risk so that
we can better address unique health disparities, ensure culturally competent care,
and develop tailored interventions.

Influence of the X Chromosome

An interesting new area of research regarding sex differences in dementia relates to
the influence of the X chromosome. There are several potential mechanisms for
these differences (see Lopez-Lee and colleagues, for a recent review; Lopez-Lee
et al., 2024), but one important source of dementia-relevant X-linked differences is
greater gene expression of some genes in women versus men. This is because one
of the two X chromosomes in women is randomly inactivated to equalize gene
expression between women and men who only have one X chromosome; however,
sometimes the X chromosome on certain genes can escape inactivation. In these
instances, women will have greater expression of those X-linked genes, which can
have implications for immunity and neurodegeneration pathways in which X-linked
genes play a role. An autopsy study found a general pattern suggesting that greater
expression of X chromosome-related genes was associated with better cognitive
trajectories (less decline) over time in women. In men, expression of several X
chromosome-related genes was associated with tau pathology, but not cognition
(E.J. Davis et al., 2021). Human application of this work is in early stages but grow-
ing rapidly.
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Biological Mechanism Underlying Female Cognitive Advantage
in the Preclinical Stage

There is considerable evidence supporting the female cognitive advantage in the
preclinical AD stage and the steeper decline in women after MCI diagnosis; how-
ever, the biological mechanisms that may support better resilience to early AD
pathology burden in women followed by a steeper decline remain unclear. One
study that examined gender differences in positron emission tomography (PET)-
measured brain glucose metabolism, a measure of brain energy utilization or func-
tion, in older adults across the spectrum of healthy aging, MCI and AD dementia
might offer a clue as to a contributing factor. They found that gender differences in
cognition paralleled gender differences in brain glucose metabolism across AD
pathology levels (i.e., AP plaques and hippocampal volume). More specifically,
among those with a mild-to-moderate burden of AD pathology markers, women
showed higher levels of cognitive function and brain glucose metabolism but not at
more severe levels of AD biomarkers suggesting a steeper decline in cognition and
brain glucose metabolism in women versus men (Sundermann et al., 2020).
Moreover, the female cognitive advantage at mild-to-moderate AD pathology levels
was eliminated/attenuated after adjusting for brain metabolism, suggesting a medi-
ating role of brain metabolism in the female cognitive advantage (Sundermann
et al., 2020), although longitudinal studies are needed to more definitively test this
hypothesis.

There are also well-known gender differences in the immune response to brain
insults with women having a more robust response (Cannon & St Pierre, 1997). It is
notable that women comprise 80% of those with autoimmune disorders in which an
immune response is overactive and dysregulated (Moulton, 2018; Oertelt-Prigione,
2012; Ortona et al., 2016). Neuroinflammation, mediated by the innate immune
cells of the brain, microglia, is a critical pathologic mechanism in AD and related
dementias with bidirectional effects with hallmark AD pathologies (Amelimojarad
etal., 2024; Deng et al., 2024; Eikelenboom et al., 2010). Whereas an initial inflam-
matory response is typically beneficial as it reflects the body removing harmful
pathogens and promoting tissue repair, this response can become harmful if it
becomes chronic, leading to excessive inflammation and tissue damage. How the
role of neuroinflammation in AD and related dementias may differ for women ver-
sus men is a key knowledge gap in the field.

The Influence of Gender in Other Dementia Types

In addition to AD, this chapter focused on the FTD dementia type in which the lit-
erature on the influence of gender is minimal and inconsistent, likely due, in part, to
variability in the diagnostic criteria and whether diagnosis was autopsy-confirmed.
Far more work is needed using universal clinical criteria with biomarker or autopsy
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confirmation to gain a clearer picture of gender disparities in FTD and to understand
the biological and sociocultural factors that contribute to these differences. In gen-
eral, research examining the influence of gender on dementia types other than AD is
far less prolific than with AD representing a major knowledge gap. The research
available indicates that gender differences in the prevalence, clinical presentation
and prognosis of dementia vary by dementia type suggesting that gender-related
factors differentially impact and interact with specific disease mechanisms that
underlie different dementia types (Podcasy & Epperson, 2016). On the other hand,
there are certain lifestyle factors such as diet, exercise, and sleep that promote brain
health and reduce dementia risk more generally; however, their degree of influence
and the specific recommendations for these lifestyle factors can differ for women
versus men. It is critical that we further our understanding of how gender influences
risk and resilience across all dementia types.

Research Challenges in Women’s Brain Health

Throughout the chapter, it is clear that dementia, particularly AD, shows significant
gender differences in pathophysiology and progression. However, the field has yet
to fully acknowledge dementia as a women’s health issue. This delay has hindered
the development of targeted preventative strategies and treatments for the gender
that bears the greatest burden of disease. Additionally, while researchers in the cog-
nitive aging field often consider various factors throughout a person’s lifespan when
studying their sample population (e.g., education, physical activity, or smoking his-
tory), the endocrine lifespan is usually overlooked despite the well-established neu-
roprotective effects of sex hormones (Taylor et al., 2019). As has been mentioned,
reproductive life events involving hormonal changes are of particular interest in
relation to age-related cognitive changes and dementia risk in women. The existing
literature suggests that pregnancy, menopause, and MHT use represent women-
specific risk or protective factors for AD (Nerattini et al., 2023), underscoring the
crucial role that sex hormones play in understanding women’ brain health. However,
the inconsistency in the literature regarding how reproductive life events impact
dementia risk suggests that these relationships are not straightforward but nuanced
and dependent on multiple individual and environmental factors. Further research in
large, diverse samples that integrate biomarker, genetic, epigenetic, and multidisci-
plinary approaches are needed to unravel these complex relationships.

Over the last decade, medical research has been shifting toward precision medi-
cine due to lackluster therapeutic options despite tens of billions of dollars invested
in dementia treatment trials. Precision medicine is an emerging integrative approach
for disease prevention, early detection, and treatment, which consider individual
variability in genetics, epigenetics, sex, environment, and lifestyle (Miramontes
et al., 2024). Advancements in precision medicine have improved our understand-
ing of the physiological changes involved in the development and progression of
dementia (Nebel et al., 2018). However, gender has not yet been fully integrated
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into precision medicine approaches, which has slowed down progress in detecting
and treating dementia.

Enhancements in this area are crucial for optimizing healthcare resources and
reducing the high costs associated with dementia care. To this end, it is critical for
dementia studies to conduct gender-stratified analyses. By combining analyses
across genders, researchers do a disservice to those we are trying to help as it dilutes
findings of therapeutic targets and risk reduction strategies that may be specific to
or optimal for each gender. In addition to advancing personalized medicine, gender
differences provide information about the disease overall. These differences give us
a clue that gender-disparate factors are likely at play in the disease including sex
hormones, genetic factors, or gender-based sociocultural factors. By researching
these factors and the mechanisms they influence, we use gender differences as a
window into disease etiology overall.

Additional important areas of research include establishing infrastructure for
precision medicine in low-resource settings and assessing its social and economic
impacts on diverse populations (Miramontes et al., 2024). There are ethnic dispari-
ties in pregnancy and menopause. For example, non-Hispanic/Latinx Black/African
American women generally undergo menopause transition at younger age (Walker
et al., 2019), experience more frequent hot flashes (Gilsanz et al., 2017), and have a
higher likelihood of developing hypertensive disorders of pregnancy and undergo-
ing premenopausal bilateral oophorectomy, compared to White women (Mielke
et al., 2022). However, the impact of these differences on the risk of dementia is not
well understood. The same holds true for the variation in dosage, duration, and
access to MHT among different race/ethnic groups, and the role of these factors in
the risk of dementia remains unknown. Therefore, future studies need to employ
mixed methodologies in diverse samples among various world regions to explore
how the constructs of sex and gender differ in behavioral roles and norms across
cultural contexts, and their complex intersection with aging throughout the life
course (Mielke et al., 2022).

Considering AD as a women’s health challenge can lead to a significant transfor-
mation in AD research and care. This shift would involve improved diagnostic accu-
racy, targeted interventions, and ultimately, better clinical outcomes (Miramontes
etal., 2024). Therefore, it is important to consider gender differences in AD research
across all levels, including basic science studies, clinical research, and clinical tri-
als. Despite the challenges, acknowledging these differences rather than ignoring
them will bring us closer to developing and providing better care for both women
and men (Mielke et al., 2018).
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The State of Gender-Based Clinical Practice
and Remaining Questions

Gender differences in dementia have critical implications for clinical practice and
for the development of refined diagnostic approaches, disease tracking strategies
and treatment, and risk reduction interventions that are optimal for each gender. The
medical field in general is understanding more and more the value and need for
personalized medicine to apply the right treatments to the right patients at the right
time. Our understanding of how the experience of ADRD differs between men and
women is a critical piece in this shift toward personalized and targeted treatment.
While there have been major strides in the research addressing gender differences in
dementia, particularly AD, and their biological and sociocultural underpinnings, a
number of questions remain unknown. We discuss a few of these questions as
follows.

Questions Regarding Clinical Guidelines for MHT Use

The value of MHT use in dementia risk reduction remains a highly controversial
topic in clinical medicine. Whether to initiate MHT during or after the menopause
transition is a challenging and nuanced decision for women that should be made
after in-depth risk/benefit assessments with health care providers. Evidence sug-
gests that a number of factors influence the effect of MHT on the brain including the
MHT formulation, the age at initiation of the MHT, the mode of delivery, and one’s
prior medical history. The interplay of these factors refutes the “one-size-fits-all”
approach to MHT and argues for individualized MHT choices that carefully weighs
a women’s menopause experience, medical history, family medical history, needs,
and concerns. For instance, the benefits of MHT may weigh more heavily for
women undergoing surgical menopause as the evidence of a beneficial effect of
estrogen-only therapy on ADRD risk is most consistent for this group (The North
American Menopause Society, 2022). In contrast, the risks of MHT use may weigh
more heavily for women with a personal or family history of breast, ovarian, or
uterine or who are more than five years from their menopause transition.

A major limitation in the development of clinical guidelines for MHT use is the
paucity of data from randomized controlled trials (RCTs), the gold standard in
determining clinical effectiveness of an intervention. To date, the only RCT examin-
ing the effect of MHT use on ADRD risk is the previously mentioned WHIMS trial,
which found that the use of estrogen plus progesterone therapy in naturally meno-
pausal women doubled the risk for all-cause dementia (Shumaker et al., 2003).
However, the WHIMS trial was conducted in women aged 65 years and older with-
out menopause symptoms and, thus, not representative of women needing MHT in
real-world clinical settings (Nerattini et al., 2023). Observational studies and retro-
spective analyses studies suggest that MHT may have a role in reducing dementia
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risk for women who are perimenopausal or recently postmenopausal, particularly
those who have had surgical menopause. However, RCTs are weighted more heav-
ily in clinical care guidelines. RCTs are needed to determine the effect of MHT use
during the perimenopause and/or early postmenopause period on later-life dementia
risk; however, the time, cost, and resource burden of an RCT with at least a 15-year
follow-up is impractical. RCTs that utilize biomarkers known to occur early in
pathogenesis as outcomes represent attractive opportunities for adding to the litera-
ture that informs clinical guidelines of mid-life MHT use (Nerattini et al., 2023).

Optimal Diagnostic Approaches for Women

Our research suggests that our conventional methods of detecting early cognitive
change may not be serving women as well as they are serving men, which has clini-
cal implications for our ability to intervene in women in the early disease stages.
Research is warranted into potential strategies that may improve our ability to detect
early cognitive change in women. One potential strategy is to identify cognitive
tests that may be most sensitive to early cognitive change in women.

One question under investigation is whether memory tests that use visual rather
than verbal stimuli which do not show a female bias in performance, may be more
sensitive to early brain changes than the more conventional verbal memory tests,
particularly in women. Intriguingly, Bonner-Jackson and colleagues found that
among individuals with MCI from a memory clinic (57% female), hippocampal
volume more strongly related to visual (Brief Visuospatial Memory Test-Revised)
versus verbal memory (Hopkins Verbal Learning Test-Revised), although sex-
stratified analyses were not conducted (Bonner-Jackson et al., 2015).

Above, we described how we can improve our use of the conventional verbal
memory tests in detecting early MCI by applying gender-specific normative data
and cut-scores for impairment to these tests. Evidence suggests that by doing so, we
improve our ability to intervene earlier in more women with MCI and avoid undue
stress and treatments in a proportion of men falsely diagnosed with MCI
(Sundermann et al., 2019, 2021). Findings such as this have begun to motivate the
development of sex-adjusted normative data for clinical use. For example, the
Mayo’s Older Americans Normative Studies (MOANS) recently revised and pub-
lished their norms for the commonly used Rey Auditory Verbal Learning Test by
including a sex adjustment (Stricker et al., 2021). However, far more work is needed
in the development of sex-adjusted norms and in the adoption of these norms into
research and clinical practice.

There are many other cognitive screening tasks that are commonly used in diag-
nosing dementia that do not consider gender differences in performance when
applying cut-scores for cognitive impairment (e.g., Mini Mental State Exam, The
Montreal Cognitive Assessment). There are critical implications to diagnostic accu-
racy if our standard clinical tests of cognitive function differentially reflect underly-
ing brain pathology in women compared to men. Work is needed to generate and
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embrace the use of sex-specific cut-scores on clinical tests of cognitive function that
would optimize detection of underlying disease pathology in women and men. It
remains to be seen how a shift to sex-adjusted MCI diagnostic criteria may mini-
mize sex-based disparities for dementia.

Rapid Advances in Plasma-Based Dementia Biomarkers:
A Need for Gender Considerations

As mentioned earlier, evidence suggests that women present a greater burden of AD
pathology in the early disease stages (Altmann et al., 2014; Buckley, Mormino,
etal.,2019; Hohman et al., 2018; Jack et al., 2015; Oveisgharan et al., 2018) and this
is reflected in biomarkers including tau positron emission tomography and cerebro-
spinal fluid p-Tau levels. Furthermore, there may also be sex differences in the abil-
ity of AD biomarkers to reflect brain neuropathology burden and overall AD risk.
There is an urgent need to address these questions of sex differences among blood-
based AD biomarkers, which are rapidly emerging in the field due to technical
advances in assay sensitivity. Understanding sex differences in blood-based AD bio-
markers will aid in the development of sex-specific guidelines for its use as a screen-
ing tool in both research and clinical trials, as well as optimizing its use in primary
care settings. These questions began to be addressed by Tsiknia and colleagues in
ADNI. They found that although plasma p-Taul81 concentrations were similar
between women and men, higher plasma p-taul81 levels related to worse pheno-
typic biomarker profiles, faster cognitive decline and greater risk of developing
dementia in women who met criteria for either preclinical AD or MCI compared to
matched men (Tsiknia et al., 2022). The results suggest that plasma p-Taul81 may
be a better proxy of overall AD risk in women versus men although far more work
is needed to replicate, extend to other blood-based AD biomarkers and test general-
izability in more diverse cohorts. Investigations such as this will challenge the often
erroneous assumption that AD biomarkers have the same prognostic utility and tem-
poral pattern in women as men. It is probable that sex-specific cutoffs for biomarker
positivity can enhance the sensitivity of biomarkers as a prognostic tool. A better
understanding of sex differences in AD biomarkers, blood-based and beyond, will
improve diagnostic precision, strengthen findings from research studies utilizing
biomarker outcomes, and inform the design and analysis of clinical trial studies.

Clinical Takeaways

» Evidence of the effect of MHT on dementia risk is complicated and nuanced
such that decisions regarding MHT should be an informed decision with health-
care providers that factors in one’s menopause experience, medical history, fam-
ily medical history, needs, and concerns.
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* Our current approaches to diagnosing early-stage dementia seem not to serve
women as well as men. Research is needed into diagnostic approaches that are
more sensitive to detecting early cognitive decline in women so as to allow more
opportunities to intervene early in the disease trajectory.

e The shift in the medical field toward precision medicine approaches is para-
mount to optimize diagnostic, risk reduction and interventions based on gender
as well as one’s combination of medical diagnostic, environment, and genetic
background.

Research Takeaways

* There is a need for more research examining the generalizability of gender dis-
parities in dementia in underrepresented and underserved populations and the
intersectionality of gender by race/ethnicity and SDoH.

» Research that accounts for lifespan exposures to protective/risk factors including
female reproductive history is critical to understanding the higher AD risk
in women.

* Improving our understanding of gender differences in dementia and their bio-
logical and sociocultural bases can serve as a window into disease etiology over-
all and improve dementia prevention and care in all.
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Chapter 6 )
Movement Disorders Check for

Ece Bayram

Introduction

Movement disorders are a group of neurological disorders impacting the production
and control of movements. People experience excess movements (hyperkinetic) or
paucity of voluntary and automatic movements (hypokinetic), unrelated to weak-
ness or spasticity (Fig. 6.1). Movement disorders include some of the most common
neurological diseases and diseases that can affect people of any age and gender. The
basal ganglia and cerebellum, which were historically considered to primarily have
motor function, are the main structures implicated in movement disorders. However,
studies have continuously shown that the basal ganglia and cerebellum play a sub-
stantial role in different non-motor functions including cognition and behavior, and
accordingly, movement disorders include a variety of non-motor symptoms in addi-
tion to the traditional motor features (Wichmann, 2018). In fact, several movement
disorders include non-motor features in the diagnostic criteria (i.e., progressive
supranuclear palsy and corticobasal degeneration).

Biological sex differences are shown in both structure and function of the basal
ganglia and cerebellum. The basal ganglia are among the main brain regions with a
high density of sex steroid receptors. Sex steroid hormones affect brain morphology
during development and young adulthood and lead to differences in brain function
and behavior (Rijpkema et al., 2012). Cerebellar subcomponents are sensitive to sex
and sex chromosomes (Kaczkurkin et al., 2019). In addition to biological sex and
sex hormones, interplay between biological factors, genetics, and environment dif-
fer for women and men, and impact the structure and function of basal ganglia and
cerebellum. Thus, one can expect gender differences for movement disorders asso-
ciated with these structures. In this section, we will provide an overview of
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Fig. 6.1 Movement disorders classification

movement disorders, discuss the existing knowledge on gender differences, and
highlight women’s experiences with these disorders.

Parkinsonian Disorders (Hypokinetic Movement Disorders)

Hypokinetic movement disorders or Parkinsonian disorders are a group of disorders
characterized by akinesia (absence of movement), bradykinesia (slowness of move-
ment), or hypokinesia (decreased amplitude of movement) generally affecting vol-
untary movement. Parkinson’s disease is the most common hypokinetic movement
disorder with consistently reported gender differences. Various gender differences
are also described in other hypokinetic movement disorders.

Parkinson’s Disease
Epidemiology

Parkinson’s disease (PD) is the second most common neurodegenerative disorder
and the fastest growing neurological disease worldwide (GBD 2016 Parkinson’s
Disease Collaborators, 2018). Pathologically, it is characterized by Lewy bodies,
neuronal inclusions of misfolded alpha-synuclein, and progressive nigral loss.
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Clinically, it is characterized by parkinsonism, which is defined as bradykinesia
accompanied by rest tremor and/or rigidity (Postuma et al., 2015). Clear response to
dopaminergic therapy, levodopa-induced dyskinesia, rest tremor of a limb during
the examination, and presence of olfactory loss or cardiac sympathetic denervation
on metaiodobenzylguanidine (MIBG) scintigraphy are supportive features. Detailed
history, clinical examination, and further tests are required to exclude other poten-
tial causes of parkinsonism before diagnosing the person with PD (Table 6.1).
Although pathology is the gold standard for diagnosis, clinical diagnostic criteria
have an accuracy rate of 92.6%, with rates increasing during follow-up (Postuma
etal., 2018). Global pooled prevalence is reported as 1.51 per 1000, with lower rates
for women compared to men (1.49 vs. 1.54 per 1000) (Zhu et al., 2024). In a 2024
meta-analysis including 83 studies from 37 countries from database inception (data-
bases were PubMed, Cochrane, Web of Science, Embase, Scopus, and Global
Health) to November 1, 2023, PD was more prevalent for women in the Western
Pacific region, as well as in countries with very high human development index and
high sociodemographic index (Zhu et al., 2024). However, globally, women consis-
tently had a lower prevalence than men after the age of 50.

Risk Factors

Female sex is considered a protective factor for PD, with male sex being a risk fac-
tor. Other risk factors include older age, regular pesticide exposure, occupational
solvent exposure, not using caffeine, not smoking, diabetes, physical inactivity, and
genetic mutations including but not limited to GBA, LRRK2, and SNCA (Heinzel
et al., 2019). Low plasma urate levels and erectile dysfunction are also associated
with PD risk only for men. Genome-wide association studies have not identified
gender differences in allele frequency on autosomal or X chromosomes
(Blauwendraat et al., 2021; Le Guen et al., 2021). However, gender differences have
been shown for expression in the brain for genetic variants (Nordengen et al., 2024).

Table 6.'1 F catures Abnormal eye movements (progressive supranuclear palsy)
suggesting atypical
parkinsonism over

Parkinson’s disease

Absence/paucity of tremor

Apraxia, alien limb, myoclonus (corticobasal syndrome)

Early severe dysautonomia (multiple system atrophy)

Early gait instability, falls

Early, prominent dementia

Irregular jerky tremor, myoclonus

Poor/lack of response to levodopa

Pyramidal tract, cerebellar signs (multiple system atrophy)
Rapid disease progression

Severe dysarthria, dysphonia, stridor (multiple system atrophy)
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In women, hysterectomy and bilateral oophorectomy before the age of meno-
pause have been suggested as risk factors, whereas postmenopausal estrogen ther-
apy may be a protective factor, without significant effects of early menopause on the
risk for PD (Abdelzaher Ibrahim et al., 2022; Currie et al., 2004). Other reproduc-
tive factors such as use of oral contraceptives, age at menarche, age at menopause,
parity, and type of menopause (surgical vs. natural) have not been consistently asso-
ciated with PD risk (Lv et al., 2017).

Rapid eye movement (REM) sleep behavior disorder, abnormal dopaminergic
functional imaging, subthreshold parkinsonism, hyposmia, constipation, orthostatic
hypotension, urinary dysfunction, depression with or without anxiety, and global
cognitive deficit are prodromal markers of PD (Heinzel et al., 2019), with sub-
threshold parkinsonism and depression being stronger predictors for women than
men for future PD (Heinzel et al., 2018). Notably, women often report fewer symp-
toms in the prodromal phase (Gonzalez-Latapi et al., 2021). These findings support
gender differences in PD risk factors and predictors with a different experience for
women with prodromal PD compared to men.

Presentation

Women with PD are more likely than men to develop the more benign tremor domi-
nant phenotype of PD, facial masking, levodopa-induced dyskinesias, restless legs
syndrome, mood and sleep disturbances, depression, anxiety, apathy, fatigue, pain,
as well as urogenital symptoms. In addition, they are less likely to experience cogni-
tive decline, hallucinations, gastrointestinal symptoms, and sexual dysfunction
compared to men (Subramanian et al., 2022; Table 6.2). In contrast, men are more
likely to present with a postural instability and gait dysfunction phenotype associ-
ated with more widespread disease, freezing of gait, falls, impulse control disorder,
and dopamine dysregulation syndrome when compared to women (Gonzalez-Latapi
et al., 2021). For women with PD, more severe disease is associated with depres-
sion, LRRK?2 variant, B12 deficiency, perinatal depression, natural childbirth, and
total hysterectomy (Rao et al., 2023). However, compared to men, disease progres-
sion is generally slower, and the survival rate is higher for women (Willis et al., 2012).

Disease impact on daily lives also differs by gender (Subramanian et al., 2022).
Compared to men, women with PD have less social support, experience more psy-
chological distress, and report more disability, a worse quality of life, a negative and
destructive self-image, and impaired sexual intimacy. Women tend to downplay
their symptoms more, have a higher risk for delayed diagnosis, feel they are not
heard more often, have a higher risk of discrimination while receiving healthcare,
and can experience a perceived loss of femininity (Bayram et al., 2023b; Subramanian
et al., 2022).

There are special considerations regarding presentation and treatment of PD for
women in accordance with reproductive stages. Specifically, symptoms can worsen
during pre-menstruation, pregnancy, postpartum, and premenopause for women.
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Table 6.2 Gender differences in PD
Disease
features Women Men
Risk Subthreshold parkinsonism, depression | Male sex is a risk factor for PD
stronger predictors for PD Low urate levels, erectile dysfunction
Hysterectomy, oopherectomy before increase risk
menopause increase risk
Diagnosis Higher risk for delayed diagnosis, more | Higher disease prevalence
likely to downplay symptoms, feel
unheard, perceive discrimination
Clinical More likely tremor dominant phenotype | More likely postural instability gait
profile More common facial masking, restless | dysfunction
legs, depression, anxiety, apathy, fatigue, | More common freezing of gait, falls,
sleep disturbances, pain, urogenital cognitive decline, hallucinations,
symptoms gastrointestinal symptoms, sexual
dysfunction
Daily life More psychological stress, more More social support
disability, worse quality of life
Treatment | Levodopa-induced dyskinesia, wearing | Impulse control disorder, dopamine
off dysregulation syndrome
Less likely to receive advanced therapies
such as deep brain stimulation
Progression | Slower disease progression Higher death rate

Note. PD = Parkinson’s disease

During pregnancy, levodopa monotherapy is the safe and the most common treat-
ment (Seier & Hiller, 2017), while amantadine has teratogenic effects and should
not be used during pregnancy.

Treatment

Multidisciplinary and personalized treatment is key in PD management (Bloem
et al., 2021). Treatment can range from single medication use to advanced therapies
such as deep brain stimulation. For dopaminergic treatments, different pharmacoki-
netics and outcomes are shown in women and men. Compared to men, women pres-
ent a greater bioavailability of levodopa and pramipexole, have lower levodopa
clearance levels, develop wearing-off and levodopa-induced dyskinesias more, and
have a higher risk of developing dyskinesia even when treated with small amounts
of levodopa (de Souza Ferreira et al., 2022; Russillo et al., 2022). Women are more
likely to experience gastrointestinal and orthostatic adverse effects when using tol-
capone, a COMT inhibitor used alongside levodopa. Women are also less likely to
receive advanced therapies like deep brain stimulation, although they experience
better quality of life improvement after surgery compared to men. Care partners also
play an important role in the treatment process for PD. The majority of care partners
for people with PD are women, and women care partners are more involved with
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daily tasks, provide more hours of care, and offer more hands-on care than men
(Subramanian et al., 2022). On the other hand, women with PD are more likely to
have a paid caregiver or reside in a nursing home compared to men.

Parkinson’s Disease Dementia (PDD)

The cognitive profile of people with PD can range from normal cognition to subjec-
tive cognitive complaints, mild cognitive impairment, and dementia. People with
PD have a higher risk for cognitive decline and cognitive decline, including mild
cognitive impairment, which can also occur before the onset of motor symptoms.
Thus, mild cognitive impairment is included in the prodromal PD criteria (Heinzel
et al., 2019). People with PD typically have a non-amnestic cognitive decline with
impairments in attention, executive function, and visuospatial functioning. Memory
and language can also be affected, and people can experience impairment in single
or multiple domains. Prevalence is estimated to be between 0.3 and 0.5% for people
over the age of 65, and 3—4% in people with dementia (Aarsland & Kurz, 2010). Up
to 80% of people with PD can develop dementia after 20 years of disease, with
highly heterogeneous cognitive profiles and progression rates (Aarsland &
Kurz, 2010).

Overall, women with PD have a lower risk for cognitive impairment than men.
However, women are more likely to experience visuospatial deficits and less likely
to experience verbal fluency decline compared to men (Gonzalez-Latapi et al.,
2021). REM sleep behavior disorder and orthostatic hypotension, more prevalent in
men, are associated with worse cognitive performance. Currently, available treat-
ments for PDD have limited efficacy, and women remain underrepresented in clini-
cal trials focused on cognition in PD (Bayram et al., 2023a).

Dementia with Lewy Bodies (DLB)
Epidemiology

Dementia with Lewy bodies (DLB) is the second most common neurodegenerative
dementia following Alzheimer’s disease. Compared to Alzheimer’s disease, DLB is
associated with faster progression and a higher level of burden (Desai et al., 2022).
The gold standard for the diagnosis of DLB is the pathological confirmation of
Lewy bodies in the brain, although co-pathologies including Alzheimer’s are com-
mon and contribute to clinical heterogeneity (Coughlin et al., 2019; McKeith et al.,
2017). The typical phenotype includes non-amnestic dementia, cognitive fluctua-
tions, visual hallucinations early in the dementia process, REM sleep behavior
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disorder, and parkinsonism. Clinical misdiagnosis with Alzheimer’s disease is com-
mon, particularly for women (Bayram et al., 2021, 2022, 2024a).

Lewy body dementia refers to a dementia profile with underlying Lewy body
pathology, which includes both PDD and DLB (Fig. 6.2). DLB can be differentiated
from PDD based on the interval between dementia and parkinsonism onset. In DLB,
dementia occurs before, at, or within one year following parkinsonism onset.
Parkinsonism is also not required for DLB, as some people do not experience par-
kinsonism despite a DLB diagnosis. Mean prevalence is estimated as 0.36% for the
population over the age of 65, with a wide range from 0 to 4.99%; and 4.2% within
all dementia cases, with a range from 0 to 21.9% (Vann Jones & O’Brien, 2014).

Risk Factors

DLB is considered to be less prevalent for women than men, although several stud-
ies noted a higher prevalence for women, when controlling for the gender of the
sample population. Age seems to contribute to differences in prevalence; DLB is
less prevalent for women than men until the age of 75, and women have similar or
higher prevalence rates compared to men after the age of 75 (Chiu et al., 2023).

Presentation

Cognitive impairments in DLB typically include impairments in attention and
visuospatial function with relatively preserved memory and naming compared to
Alzheimer’s disease (Wyman-Chick et al., 2024). Women can present with worse

Fig. 6.2 Lewy body dementia as an umbrella term
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overall cognition compared to men with similar disease duration (Chiu et al., 2023;
Table 6.3). Language and memory deficits can occur in people with Alzheimer’s
co-pathology, which is more common in women with DLB (Barnes et al., 2019).
Studies so far suggest similar rates of cognitive fluctuations for women and men.

Visual hallucinations are more common and occur earlier for women in clinically
diagnosed DLB; although, pathologically defined cohorts have shown a lower prev-
alence of visual hallucinations for women compared to men (Chiu et al., 2023).
Women develop visual hallucinations earlier in the disease process than men.

Several clinical studies suggest a lower prevalence of REM sleep behavior disor-
der for women; although community samples suggest a similar prevalence (Chiu
et al., 2023). REM sleep behavior disorder may be under-detected in women due to
bed partner reports; women have less muscle phasic activity during REM sleep and
smaller movements that do not cause injury as often.

Parkinsonism is less common for women and accordingly, women are less likely
to receive treatment for parkinsonism. For other features, including Capgras syn-
drome, severe neuroleptic sensitivity, constipation, and orthostatic hypotension,
similar rates have been noted for women and men. Compared to men, depression
and auditory hallucinations may be more common in women, while hyposmia and
syncope in early DLB may be less common for women. Genetic risk factors includ-
ing GBA and SNCA may increase the risk for DLB less for women than men
(Gibbons et al., 2022). Women may have Alzheimer-related genetic risk factors on
the X chromosome, putting them at a risk for DLB (Bayram et al., 2024b). As nigral
loss can be less severe and Alzheimer’s co-pathology more severe for women than
men, biomarkers assessing dopamine imaging, amyloid, and tau levels can differ for
women and men with DLB.

Table 6.3 Gender differences in DLB

Disease

features Women Men

Risk X chromosome variants as risk GBA, SNCA increase risk more
factors

Pathology More common Alzheimer’s More nigral loss
co-pathology More common and severe Lewy body

pathology

Diagnosis Higher risk for delayed and Higher disease prevalence until the age of 75
mis-diagnosis

Clinical REM sleep behavior disorder More common typical phenotype

profile underreported More common REM sleep behavior disorder,
More common depression, parkinsonism, hyposmia, syncope
auditory hallucinations

Treatment Underrepresented in clinical More likely to receive parkinsonism treatment

trials

Note. DLB = dementia with Lewy bodies. REM = rapid eye movement
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Findings on gender differences for progression and survival rates are inconsistent.
The majority of the caregivers of people with DLB are women, although the gender
effect on caregiving in DLB is not well investigated (Chiu et al., 2023). Women with
DLB are substantially underrepresented in clinical trials with women making only
15-37% of the cohorts, limiting the interpretation of findings (Chiu et al., 2023).
Currently, only symptomatic treatments are available and women with DLB are
likely undertreated due to higher rates of delayed and misdiagnosis compared to
men (Chiu et al., 2023).

Multiple System Atrophy (MSA)
Epidemiology

Multiple system atrophy (MSA) is a rare, adult-onset, progressive, neurodegenera-
tive disorder characterized by motor symptoms and autonomic dysfunction. It is an
oligodendroglioneural alpha-synucleinopathy, but not a Lewy body disease. Similar
to PD and DLB, the gold standard for diagnosis is pathological confirmation
(Wenning et al., 2022). Clinically, MSA is characterized by autonomic dysfunction
accompanying parkinsonism and/or cerebellar symptoms. Based on the predomi-
nant motor profile, MSA can be classified as MSA-Parkinsonian (MSA-P) or MSA-
Cerebellar (MSA-C). Autonomic dysfunction can include orthostatic hypotension
(=20/10mmHg blood pressure drop within 3 min of standing), urinary urge conti-
nence, voiding difficulties with post-void urinary residual volume >100mL, and
erectile dysfunction. Parkinsonism typically has a poor levodopa response.
Cerebellar symptoms can include ataxic gait, limb ataxia, dysarthria, and oculomo-
tor dysfunction with sustained nystagmus or saccadic hypermetria. Non-motor fea-
tures including sleep disturbances with high rates of REM sleep behavior disorder,
pain, fatigue, depression, and cognitive changes are also common (Makawita et al.,
2024). At disease onset, MSA can mimic PD and misdiagnosis is likely. Prevalence
ranges from 0.5 to 17 per 100,000 (Kaplan, 2024). Although gender differences are
not typically reported for the MSA prevalence, a recent meta-analysis including 24
studies from 14 European countries published between 1995 and 2022, noted a
slightly lower prevalence for women than men (1.19 vs. 2.75 per 100,000;
Kaplan, 2024).
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Compared to men, women are more likely to have motor features as initial symp-
toms and a better response to levodopa (Leys et al., 2024). Women are less likely to
have autonomic symptoms at disease onset or experience widespread and severe
autonomic failure, except for urinary urge incontinence and constipation, which are
more common for women than men. Women are also more likely to experience
pain, anxiety, depression, sarcopenia, frailty, early falls, fractures, cognitive decline,
and worse quality of life.

Treatment and Prognosis

MSA typically leads to death within 6 to 10 years after symptom onset, and avail-
able treatment options are only symptomatic with limited benefit. Gender differ-
ences in clinical presentation are also depicted in differences in symptom
management. Women may be more likely than men to be prescribed central nervous
system targeting medications, and less likely to be prescribed antihypertensives.
Progression may be faster for women with a shorter time to dependency on walking
aids or wheelchair (Leys et al., 2024). While some studies noted a shorter survival
for women when autonomic features are considered for disease onset, some noted a
longer survival for women, and some noted no gender differences in survival.

Progressive Supranuclear Palsy (PSP)
Epidemiology

Progressive supranuclear palsy (PSP) is a 4-repeat tauopathy and a type of fronto-
temporal lobar degeneration. It is associated with various phenotypes that can also
present with other pathologies. The most recent diagnostic criteria noted four core
functional domains including oculomotor dysfunction, postural instability, akinesia,
and cognitive dysfunction as characteristic clinical manifestations of PSP (Hoglinger
etal., 2017). Oculomotor dysfunction includes frequent macro square wave jerks or
eyelid opening apraxia, slower vertical saccades, or vertical supranuclear gaze
palsy. Postural instability includes more than two steps with the pull-test, tendency
to fall on the pull-test, or repeated unprovoked falls within three years. Akinesia
includes levodopa-responsive asymmetric parkinsonism with tremors, predomi-
nantly axial akinetic-rigid levodopa-resistant parkinsonism, or progressive freezing
of gait within three years.
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Cognitive dysfunction in PSP includes corticobasal syndrome, frontal cognitive/
behavioral syndrome, and nonfluent/agrammatic variant of primary progressive
aphasia or progressive speech apraxia. While Richardson’s syndrome is the most
common phenotype of PSP, other phenotypes can include predominant oculomotor
dysfunction, parkinsonism, progressive gait freezing, frontal presentation including
behavioral variant frontotemporal dementia, speech/language disorder, corticobasal
syndrome, primary lateral sclerosis, and cerebellar ataxia (Hoglinger et al., 2017).
It is sporadic with an onset at or after the age of 40, a gradual progression, and a
mean survival of 6 to 8 years. The prevalence of PSP ranges from 1 to 18 with a
pooled estimate of 6.92 per 100,000 (Lyons et al., 2023). It is unclear whether prev-
alence is higher for women or men, as studies so far have conflicting findings (Park
et al., 2021).

Presentation, Treatment, and Prognosis

Only a small number of studies have investigated gender differences in symptoms
and prognosis for PSP. One such study from India reported that compared to men,
women had more frequent falls, pyramidal signs, apathy, and executive dysfunction;
less frequent tremors and PSP-parkinsonism phenotype; a shorter time to attain
unintelligible speech, severe dysphagia, and cognitive impairment; and a longer
time to attain wheelchair dependency (Mahale et al., 2022). Another study from the
United States including 121 people with probable PSP examined at the Mayo Clinic
in Florida also noted tremors were less frequent for women than men, although
other gender differences in symptoms and progression were not reported (Baba
etal., 2006). In a cohort including people with PSP from Europe and North America,
the cognitive decline did not differ for women and men during the 1-year follow-up
(Digma et al., 2023).

There are currently no disease-modifying treatment options for PSP; although,
various approaches are being investigated (Boxer et al., 2017). Interestingly, one of
the drugs under investigation called davunetide, which enhances tau-microtubule
interaction, was reported to not have any efficacy in the pooled cohort, although
there were gender-specific effects (Gozes et al., 2023). After 52 weeks of twice
daily treatment, davunetide was associated with age-correlated protection against
brain ventricular volume increases, significant effectiveness on daily living activi-
ties, fine motor function, functional bulbar activities, and no significant deteriora-
tion of mental activities only for women. These findings underscore the gender
differences in disease mechanisms and efficacy of treatments, which need to be
considered in treatment trials.
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Corticobasal Degeneration (CBD)

Epidemiology and Presentation

Corticobasal degeneration (CBD) is a rare neurodegenerative disorder under the
frontotemporal lobar degeneration umbrella, characterized by widespread neuronal
and glial hyperphosphorylated 4-repeat tau deposition primarily affecting cortex
and basal ganglia. Similar to PSP, CBD is associated with different phenotypes that
also present with other pathologies. Thus, the term “CBD” is reserved for autopsy-
confirmed cases. The most frequent phenotype is corticobasal syndrome (CBS),
characterized by limb rigidity, bradykinesia, dystonia, and myoclonus that are more
likely to present asymmetric than symmetric; orobuccal or limb apraxia, cortical
sensory deficit, and alien limb phenomena (Armstrong et al., 2013). Other pheno-
types include (1) frontal behavioral-spatial syndrome with executive dysfunction,
behavioral or personality changes, and visuospatial deficits; (2) nonfluent/agram-
matic variant of primary progressive aphasia with effortful and agrammatic speech,
impaired grammar/sentence comprehension despite relatively preserved single
word comprehension, and speech apraxia; and (3) PSP syndrome with axial or sym-
metric limb rigidity or bradykinesia, postural instability or falls, urinary inconti-
nence, behavioral changes, and supranuclear vertical gaze palsy or slow vertical
saccades. In addition to these more typical clinical phenotypes, CBD can also pres-
ent with amnestic dementia (similar to Alzheimer’s disease), progressive orofacial
apraxia, conduction-type aphasia with repetition difficulties, posterior cortical atro-
phy with optic ataxia, oculomotor apraxia and simultagnosia, frontal-type gait dis-
order, and pseudobulbar syndrome with dysarthria and emotional lability
(Constantinides et al., 2019).

Overall, the disease is predominantly sporadic, with an insidious symptom onset
at or after the age of 50, a gradual progression, and a life expectancy of up to 10
years after symptom onset. Prevalence rates for CBS range from 0.83 to 25 with a
pooled estimate of 3.91 per 100,000 (Lyons et al., 2023). Although a slight women
predominance for prevalence has been previously suggested, a significant gender
difference has not been noted in prevalence studies so far (Lyons et al., 2023;
Swallow et al., 2022).

Treatment and Prognosis

Survival in CBD and CBS is estimated as about 7 years from symptom onset (Aiba
et al., 2023; Pantelyat, 2022). Currently, only symptomatic treatments are available
with limited benefit. Unfortunately, gender differences have not been investigated
further in CBD or CBS.
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Secondary Parkinsonism

Epidemiology and Presentation

Parkinsonism can also have secondary causes beyond the neurodegenerative disor-
ders described above. The most common secondary parkinsonism is drug-induced
parkinsonism. Neuroleptic drugs that impact dopaminergic transmission, as well as
calcium channel blockers and other drugs, can lead to or worsen parkinsonism.
Most studies suggest drug-induced parkinsonism is the second most common cause
of parkinsonism following PD, with 7.9-20% of people with parkinsonism noted to
have drug-induced parkinsonism (Hollerhage, 2019). In contrast to PD, women
seem to have a higher risk than men for drug-induced parkinsonism (Shiraiwa
et al., 2018).

Compared to PD, symmetrical symptoms, more rapid progression, relative
absence of rest tremor, and oromandibular dyskinesias may be more common in
drug-induced parkinsonism. However, drug-induced parkinsonism has a heteroge-
neous clinical presentation and people may also present with a typical PD profile.
Diagnosis is based on the appearance of parkinsonism during the use of the drug
and no prior parkinsonism before the drug.

Following drug-induced parkinsonism, vascular parkinsonism is another com-
mon type of secondary parkinsonism. Vascular parkinsonism, due to vascular
lesions, is clinically characterized by lower body parkinsonism with pronounced
gait disorder, postural instability, and minimal symptoms in the upper extremities.
Vascular parkinsonism may be less common in women than men (Caslake et al.,
2014). Other rare causes for secondary parkinsonism include brain tumors, trauma,
chronic traumatic encephalopathy, infection, and toxin or drug exposure.

Treatment

Treatment of drug-induced parkinsonism includes withdrawal of the drug, if possi-
ble, and while symptoms can improve and resolve after six months following the
withdrawal of the drug, they can also persist in up to one out of four people (Munhoz
et al., 2017). The persistence of symptoms may suggest an underlying neurodegen-
erative parkinsonism or potential damage by the drug to the dopaminergic system.
For the treatment of vascular parkinsonism, addressing vascular risk factors can
help prevent further problems, and levodopa can be helpful, although response rates
are lower than in PD (Miguel-Puga et al., 2017).
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Stiff Person Syndrome Spectrum Disorders

Epidemiology and Presentation

Stiff person syndrome spectrum disorders (SPSD) are a group of rare neuroimmu-
nological disorders characterized by rigidity, unpredictable and painful spasms, and
hypersensitivity to external stimuli (Newsome & Johnson, 2022). SPSD includes
Stiff person syndrome (SPS) and other disorders that share a wide range of clinical
features and a spectrum of antibodies against neuronal proteins (e.g., antibodies to
the glutamic acid decarboxylase 65-kilodalton isoform, GADG65) associated with
inhibition of central hyperexcitability. The classic phenotype of SPSD is character-
ized by spasms or increased rigidity in response to stimuli such as abrupt loud
noises, cold weather, stress, tactile stimuli, and open spaces, with the torso and
lower extremities affected more commonly than upper extremities (Wang et al.,
2024). Typical examination findings include hyperlordosis, rigidity, paravertebral/
abdominal muscle spasm or tightness, spasticity in extremities, and/or gait hyper-
reflexia affecting lower extremities more commonly than upper extremities. The
presence of serum GADG5 autoantibody, glycine receptor, or amphiphysin and the
exclusion of other potential diagnoses are also included in the diagnostic approach
for a classic phenotype. Classic SPS is the most common phenotype, found in
70-80% of the cases.

Other phenotypes include (1) partial SPS, in which symptoms are isolated to one
extremity or torso; (2) SPS-plus, in which brainstem and/or cerebellar findings
accompany the classic phenotype; (3) pure cerebellar ataxia, in which cerebellar
findings are present without musculoskeletal symptoms or signs; and (4) progres-
sive encephalomyelitis with rigidity and myoclonus (PERM), in which a mixture of
symptoms and signs from other phenotypes can be present with encephalopathy,
severe torso rigidity, and/or multifocal or generalized myoclonus, as well as gener-
alized slowing and/or epileptic discharges on EEG (Newsome & Johnson, 2022).
Some do not consider PERM as a separate phenotype and instead include it under
SPS-plus, and some consider pure cerebellar ataxia as a separate condition from
SPSD. Not all people with SPSD fit perfectly into the individual phenotypes and
may also have overlapping syndromes such as classic SPS with limbic encephalitis
or epilepsy (Saiz et al., 2008).

Although the exact cause is not known, a variety of malignancies (e.g., breast
cancer, colon cancer, small-cell lung cancer, thymoma, and Hodgkin’s lymphoma)
have been associated with SPSD for 5-10% of the cases (Baizabal-Carvallo &
Jankovic, 2015). The estimated prevalence of classic SPS is one to two per million
in the general population, with women being affected twice as often as men (Hadavi
etal.,2011). A majority of people with SPS develop symptoms in their 30s and 40s;
although, diagnosis is often delayed.
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Prognosis candiffer across the phenotypes and acombination of non-pharmacological
and pharmacological options can be used for symptom management. Despite the
prevalence being higher in women, the unique experiences of women in comparison
to men with SPSD in terms of risk factors, symptoms, diagnosis, prognosis, and
treatment are not clear.

Hyperkinetic Movement Disorders

Hyperkinetic movement disorders involve excessive involuntary and semi-voluntary
movements, including tremors, dystonia, chorea, tics, myoclonus, and others.
Tremor is the most prevalent type in clinical practice. Clinical presentation, progres-
sion, and treatment vary across these disorders and gender differences have been
reported in several of the hyperkinetic movement disorders.

Tremor

Tremor is an involuntary, rhythmic, oscillatory movement in one or more body
parts. It can be characterized based on the activation of tremor (Latorre et al., 2022).
Rest tremor occurs at rest, while a body part is not activated and supported against
gravity. Action tremor occurs while moving a muscle voluntarily. Postural tremor
occurs while holding a position against gravity; kinetic tremor occurs during volun-
tary movement. Classification is based on clinical features including history, tremor
characteristics, associated signs, and laboratory tests; and etiology including idio-
pathic, genetically defined, and acquired (Bhatia et al., 2018). Tremor can present
on its own or with other symptoms as a part of a neurological syndrome. Etiology is
diverse with essential tremor as the most common disorder (Fig. 6.3). Other tremor

Fig. 6.3 Tremor syndromes based on the predominant presenting symptom
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disorders include genetic diseases such as Wilson’s disease, degenerative disorders
such as Parkinson’s disease, neuropathies, and spinal muscular atrophies, drug or
toxin-induced, infectious or inflammatory diseases, endocrine and metabolic disor-
ders such as hyperthyroidism and liver failure, neoplasms, injury, vascular, trauma,
and functional disorders.

Essential Tremor

Essential tremor is one of the most common neurological disorders (Song et al.,
2021). It is defined as an isolated tremor syndrome manifesting as bilateral upper
extremity action tremor with at least 3 years of duration, without any other neuro-
logical signs such as ataxia, dystonia, or parkinsonism. Tremor can have a variable
frequency of 4-10 Hz and also involve the head, vocal cords, or lower limbs (Bhatia
et al., 2018).

Epidemiology and Presentation

Tremors can start insidiously early in life with severity increasing over the years.
They are typically aggravated by stress, fatigue, exercise, and caffeine and can be
improved by certain relaxing methods, small doses of alcohol, and certain medica-
tions. Women, however, are less likely than men to have alcohol sensitivity (Sun
et al., 2022). Disability can occur if tremors impair voluntary activities. Non-motor
symptoms including cognitive decline, depression, anxiety, apathy, and sleep distur-
bances can also occur and impact the quality of life. A meta-analysis in 2021 noted
global prevalence as 0.32% in the general population with lower rates for women
than men (0.28% vs. 0.36% overall; Song et al., 2021). Prevalence increased with
older age (0.04% for people <20 years vs. 2.87% for people >80 years). Despite
50% of people with essential tremor having a family history, a single causal gene
has not been identified.

Essential tremor plus, defined as essential tremor with additional neurological
signs of uncertain significance (i.e., impaired tandem gait, questionable dystonic
posturing, mild memory impairment, other mild neurologic signs of unknown sig-
nificance that are not enough to make an additional syndrome classification or diag-
nosis), may be more common for women (Sun et al., 2022). Compared to men,
women may develop essential tremor later, experience more frequent head and
voice tremors and more severe non-motor symptoms, and evidence less frequent
and less severe postural hand tremors (Meoni et al., 2020; Sun et al., 2022).
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Treatment and Prognosis

The most common medications for essential tremor, primidone and propranolol,
have teratogenic potential and are contraindicated in pregnancy (Bordelon & Smith,
2007; Kranick et al., 2010). However, gender differences for treatment response and
treatment effects during pregnancy have yet to be clarified. Topiramate and gaba-
pentin are also associated with congenital malformations and toxicity in animal
studies and should be avoided during pregnancy. These findings lead to women
preferring to avoid medications for their tremor management during pregnancy.
Thalamic and subthalamic deep brain stimulation are other potential treatment
options for essential tremor and are associated with similar outcomes for women
and men, although women may be referred less for surgical treatments (Blomstedt
et al., 2011; Reker et al., 2023).

Wilson’s Disease

Wilson’s disease is a treatable cause of tremors, which, if not appropriately diag-
nosed, can lead to irreversible damage. It is a rare autosomal recessive disorder with
AT7B mutations causing excessive copper accumulation in the liver, brain (mainly
basal ganglia, thalamus, cerebellum, upper brain stem), and other organs
(Cztonkowska et al., 2018). It typically leads to hepatic, neurologic, and psychiatric
symptoms, and Kayser-Fleischer rings in the cornea. Half of the people present with
liver disease and hepatic symptoms can precede neuropsychiatric symptoms by up
to 10 years. The most common neurologic signs of Wilson’s disease include dysar-
thria, dystonia, parkinsonism, tremor, choreoathetosis, ataxia, and cognitive impair-
ment. Tremor, including rubral (wing-beating), rest, and postural tremor, is one of
the most frequent neurological manifestations of Wilson’s disease. It is usually
asymmetrical with 4-8 Hz frequency and variable amplitude.

Epidemiology and Diagnosis

Diagnosis is based on history, physical examination, laboratory findings, and imag-
ing (Kasztelan-Szczerbinska & Cichoz-Lach, 2021). Determining blood ceruloplas-
min level, urinary copper excretion, and molecular analysis is generally sufficient
for diagnosis, although liver biopsy can be required for a smaller number of people.

Prevalence is estimated as 1 in 30,000 to 50,000, with overall similar rates for
women and men, although lower rates for women compared to men have been sug-
gested for adult-onset Wilson’s disease (Cai et al., 2023; Sandahl et al., 2020). The
hepatic form of Wilson’s disease was suggested to occur more frequently in women,
whereas neuropsychiatric form with rigidity, tremor, and psychiatric manifestations
may be less common in women than men, with a younger age at onset for women
(Cai et al., 2023; Litwin et al., 2012). Delayed diagnosis is frequent for Wilson’s
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disease and may lead to irreversible damage and even death. Thus, early diagnosis
with effective treatment is crucial as people on treatment can have a normal lifespan
with minimal morbidity.

Treatment and Prognosis

For women with Wilson’s disease, it is crucial to provide close monitoring and
adequate treatment during pregnancy (Kasztelan-Szczerbinska & Cichoz-Lach,
2021; Pfeiffenberger et al., 2018). Procreative success has been directly associated
with treatment efficacy for women with Wilson’s disease. Chelators and zinc salts
have teratogenic effects; however, the risk of discontinuing therapy outweighs the
risk of continuing therapy. Breastfeeding is also not recommended during chelation
therapy. D-penicillamine at a daily dose of 0.75—1.5 g and zinc are safe during preg-
nancy. Providers should also be careful about contraceptive options for women with
Wilson’s disease, as estrogen may interfere with the copper mechanism, and intra-
uterine devices contain copper.

Dystonia

Dystonia is a movement disorder characterized by abnormal, involuntary move-
ments and/or postures caused by sustained or intermittent muscle contractions. It is
often patterned, repetitive, twisting, triggered, or worsened by voluntary movement,
associated with overflow muscle activation, and can be tremulous. It can be isolated
or co-occur with different symptoms in multi-systemic disorders. Postural changes
can be spasmodic or tonic, fixed or dynamic, or a combination of these (Albanese
et al., 2013). Dystonia and dystonic tremor may have a directional nature, with
movements worsening in certain positions and improving in others. People with
dystonia can have alleviating maneuvers (sensory tricks), which typically involve
simple movements that are not forceful opposition to the dystonic movement.

Anxiety, stress, and fatigue can worsen dystonia, while relaxation can improve
dystonia with dystonia generally resolving during sleep (Stephen, 2022). Following
Parkinson’s disease and essential tremor, dystonia is the third most common move-
ment disorder; people with dystonia make up ~20% of people in movement disor-
ders clinics (Balint et al., 2018; Griitz & Klein, 2021). According to the most recent
consensus in 2013, dystonia is classified based on two axes (Fig. 6.4; Albanese
etal., 2013). The first axis provides categories for the clinical presentation including
age at onset, body distribution, temporal pattern, and associated features. The sec-
ond axis notes categories for etiology including nervous system pathology and
whether the disorder is inherited or acquired.



6 Movement Disorders 183

Fig. 6.4 Dystonia classification

Adult-Onset Idiopathic Focal and Segmental Dystonias

Adult-onset idiopathic focal and segmental dystonias are the most common dysto-
nias (focal more common than segmental) and commonly present in the fourth
decade of life (Stephen, 2022). These dystonias are not typically generalized,
although they can progress to involve other parts or other tasks (if task-specific)
over time. They can be differentiated from early-onset dystonias, where symptoms
typically begin before age 26 and often generalize, with a frequent underlying
genetic cause. Adult-onset idiopathic focal and segmental dystonias can include
cervical, cranial, oromandibular, laryngeal, limb, and truncal dystonia. A meta-
analysis in 2013 reported a prevalence of 15.36 per 100,000 for focal and segmental
dystonias, with a higher prevalence in women than men (22.35 vs. 14.58; Steeves
et al., 2012). Prevalence differences in women and men seem to increase with older
age (Kilic-Berkmen et al., 2024). Furthermore, age of onset is earlier for women;
blepharospasm, laryngeal, oromandibular, and cervical dystonias are more com-
mon; and limb dystonia is less common for women than men (Kilic-Berkmen
et al., 2024).

Cervical dystonia is the most common type of adult-onset idiopathic focal dys-
tonia, with higher prevalence rates for women than men. Interestingly, women are
more likely than men to experience benefits from botulinum toxin treatment and
continue treatment compared to men (Supnet et al., 2020). On the contrary, task-
specific dystonias, including musician’s dystonia with involuntary cramping of the
limb at the instrument severely impairing the ability to perform highly trained tasks,
as well as writer’s cramp, are more common for men (Doll-Lee et al., 2024). Women
seem to outnumber men for multifocal and generalized dystonias (Kilic-Berkmen
et al., 2024). Positive family history is also more common for women with
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adult-onset idiopathic dystonia. Although research findings suggest a higher num-
ber of non-motor symptoms and worse quality of life for women than men with
primary dystonia (Rafee et al., 2021), gender differences in severity, progression,
and impact have not been consistently described yet.

Genetic Dystonias

There are many genetic forms of dystonia, which should be investigated thoroughly
in younger-onset cases with generalized or combined dystonia. Similar to idiopathic
dystonias, women seem to outnumber men for early-onset monogenic dystonias
with partial penetrance (Kilic-Berkmen et al., 2024), the most common form of
which is the autosomal dominant isolated dystonia. DYT-TORIA (DYT]1) is the
most common early-onset generalized dystonia, particularly prevalent in people of
Ashkenazi Jewish ancestry (Stephen, 2022). Gender differences have not been
described for prevalence, presentation, or prognosis. A limited number of studies
have suggested that THAPI, GNAL, GCH1, and ANO3-related dystonias may be
more prevalent in women than men (Arabia et al., 2022; Kilic-Berkmen et al.,
2024). In dystonia-plus syndromes, dystonia is associated with another movement
disorder such as parkinsonism or myoclonus, without any evidence of neurodegen-
eration. These include dopa-responsive dystonia, myoclonus dystonia, and rapid-
onset dystonia-parkinsonism. Dopa-responsive dystonia seems to be more prevalent
in women (2—4:1 compared to men; Phukan et al., 2011).

Neurodegeneration with Brain Iron Accumulation (NBIA)

Another group of disorders that can include dystonia among the symptoms is neu-
rodegeneration with brain iron accumulation (NBIA). NBIA is characterized by
abnormal iron accumulation in the basal ganglia, most often in the globus pallidus
and/or substantia nigra, with frequent generalized cerebral and cerebellar atrophy.
Clinical manifestations are progressive dystonia, dysarthria, parkinsonism, spastic-
ity, psychiatric symptoms, optic atrophy, and retinal degeneration (Kolarova et al.,
2022). Onset can range from infancy to adulthood; progression can also have a vari-
able rate, although in most cases the disease leads to severe disability and premature
death. The lifetime risk of NBIA disorders is estimated to be 0.88 per 100,000, with
an overall similar prevalence for women and men (Kolarova et al., 2022). The
majority of the NBIA are autosomal recessive. Beta-propeller protein-associated
neurodegeneration is an NBIA caused by a mutation in WDR45 on the X chromo-
some, with suspected male lethality, as most cases have been women (Gregory &
Hayflick, 1993). Overall, treatment for NBIA is symptomatic without much knowl-
edge of gender differences.
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Special Considerations for Prognosis and Treatment of Dystonia
in Women

Dystonia severity can fluctuate during pregnancy, potentially due to estrogen fluc-
tuations. Levodopa-responsive dystonia, Wilson’s disease, and other young-onset
genetic dystonia (i.e., DYT1) are the most common dystonia types reported for
women in pregnancy. Providers should be careful about treatment planning.
Neuroleptics for hyperemesis gravidarum have been associated with drug-induced
dystonia. Low-dose levodopa can be administered without adverse effects.
Benzodiazepine does not seem to have a teratogenic effect, although there is only
limited data for anticholinergics and caution is recommended. Botulinum neuro-
toxin injections can be safe, as they do not enter the systemic circulation when
injected adequately, and molecules larger than 500 Daltons do not cross the placenta
(Arabia et al., 2022). Botulin toxin A and B and deep brain stimulation have not
been associated with complications in pregnancy, although data remain limited.

Chorea

Chorea, derived from the Greek word “dance,” is an abnormal involuntary move-
ment characterized by sudden, brief, irregular, unpredictable, non-stereotyped
movements. The velocity and severity can vary. The flowing component is usually
faster than that of dystonia but slower than the jerking component of myoclonus
(Termsarasab, 2019). Chorea can also be mistaken as myoclonus when it has a
quick velocity with low amplitude, appearing jerky. In people with milder chorea, it
can be overlooked as these people can appear clumsy and fidgety with movements
seeming purposeful. It can present in various body parts; impact posture, gait,
speech, and swallowing; and can resolve during sleep. Ballism is a type of chorea
characterized by large-amplitude flinging movements in proximal extremities.
Differential diagnosis of chorea is challenging due to the high number of diseases
presenting with chorea. Although many diseases can lead to generalized chorea,
hemichorea, chorea in orobuccolingual, or forehead regions can hint at a shorter list
of potential etiologies.

Hemichorea

Hemichorea can be due to contralateral subthalamic nucleus, basal ganglia, or
corona radiata lesions. Asymmetric chorea or hemichorea can be due to systemic
disorders such as nonketotic hyperglycemia and polycythemia vera. Hemichorea
due to nonketotic hyperglycemia is more common in women and Asian populations.
In addition to blood sugar control, symptomatic treatment of chorea for several
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weeks or months can be needed. Sydenham chorea can also lead to asymmetric
chorea or hemichorea; although, the majority experience generalized chorea (Beier
et al., 2024). It is a childhood disorder affecting up to 40% of children with rheu-
matic fever. It is more common in developing countries and can develop up to six
months after an infection with group A streptococcus bacteria. It is more prevalent
for girls than boys (3:1).

Symptoms can include chorea, diminished muscle tone, muscle weakness, gait
disturbances, dysarthria, dysgraphia, tics, and cognitive or emotional disorders.
Symptoms usually last for 3 to 6 weeks and usually resolve over time. However, in
some cases, symptoms can last longer or recur. It also has strong correlations with
the development of carditis and valvular heart disease.

For children, Sydenham chorea is the most common type of acquired chorea,
whereas benign hereditary chorea is the most common type of genetic chorea.
Benign hereditary chorea, caused by NKX2./ (TITFI) mutations, is a childhood-
onset disorder more common in girls than boys (Termsarasab, 2019). Symptoms
typically include chorea that does not typically progress to adulthood, ataxia, dysto-
nia, hypotonia, and delayed motor milestones.

Orobuccolingual or Lower Cranial Region Chorea

Orobuccolingual or lower cranial region chorea is typically seen in tardive syn-
dromes or acquired hepatocerebral degeneration. Dystonia in the orobuccolingual
region can also occur in some choreic disorders including neuroacanthocytosis syn-
drome, neurodegeneration with brain iron accumulation disorders, X-linked
dystonia-parkinsonism, Wilson’s disease, and Lesch-Nyhan syndrome.
Neuroacanthocytosis is a heterogeneous group of disorders with erythrocyte
acanthocytosis and progressive neurodegeneration, predominantly in the basal gan-
glia (Walker et al., 2011). Clinical presentation typically includes chorea, dystonia,
and other movement disorders, as well as prominent cognitive and psychiatric
symptoms. The two core neuroacanthocytosis syndromes are the autosomal reces-
sive chorea-acanthocytosis and X-linked McLeod syndrome. Chorea-acanthocytosis,
caused by VPSI3A mutations, is estimated to have a prevalence of few cases per
1,000,000, with similar rates for women and men. Feeding dystonia with a person’s
tongue pushing the food out of the mouth as soon as it comes into contact with the
food is pathognomonic for this disease. X-linked McLeod syndrome has a preva-
lence of less than 1 per 1,000,000 and affects women less than men (Jung et al.,
1993). Symptoms include chorea, tics, parkinsonism, dysarthria, dysphagia, cogni-
tive and behavioral symptoms, and seizures. Heterozygous females usually lack
central nervous system and neuromuscular symptoms; however, some may develop
chorea or late-onset cognitive decline. X-linked dystonia-parkinsonism affects pri-
marily Filipino men (99:1 for men:women) (Evidente, 1993). Women carriers are
mostly asymptomatic; compared to men, women often do no present with dystonia,
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and instead experience chorea, focal tremor, or mild, non-progressive
parkinsonism.

Huntington’s Disease

Forehead chorea often presents in Huntington’s disease, and forehead involvement
can help differentiate Huntington’s from tardive dyskinesia. Huntington’s disease is
the most common genetic chorea in adults. It is an autosomal-dominant, progressive
neurodegenerative disorder caused by expanded CAG repeat on the huntingtin
(HTT) gene, with fully penetrant disease when repeats exceed 40 (Caron et al.,
1993). Prevalence is estimated to be around 5 per 100,000 globally, although rates
differ across the continents with higher rates in Europe and North American than in
Africa (Medina et al., 2022). Symptoms include motor, cognitive, and behavioral
changes, with cognitive and behavioral changes impacting daily life more at times.

While women were suggested to have a higher prevalence than men in a large
American cohort (7.05 vs. 6.10 per 100,000); gender differences have not been con-
sistently reported in prevalence studies (Bruzelius et al., 2019; Risby-Jones et al.,
2024). However, studies have noted gender differences in inheritance and clinical
profile (Table 6.4). Compared to maternal transmission, paternal transmission
results in earlier onset and faster progression due to CAG repeat instability particu-
larly during spermatogenesis; large CAG repeat expansions predominantly occur
through paternal transmission (Risby-Jones et al., 2024). Women with Huntington’s
disease can experience a more severe disease with a faster progression in motor and
functional domains (Hentosh et al., 2021). Motor symptoms may affect functional
ability and independence more for women than men. Depression can be more preva-
lent and severe in women than men. Accordingly, women are more likely than men
to be prescribed anti-anxiolytic or antidepressants. Reduced plasma testosterone has
been associated with depression in women, and more severe disease and cognitive
impairment in men (Markianos et al., 2005).

Table 6.4 Gender differences in Huntington’s disease

Disease

features Women Men

Risk Apolipoprotein E €2¢3 associated PPARGCIA variant associated with
with later onset than men earlier motor onset

Clinical More severe disease

profile More prevalent and severe depression

Progression | Faster progression on motor and Negative association between growth
functional domains hormone and cognitive impairment

Daily life Motor symptoms impact functioning

and independence more

Treatment More likely to be prescribed
anti-anxiolytic or antidepressants
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The age of onset for Huntington’s disease is typically between 30 and 50 with an
average life expectancy of 10 to 25 years after onset. Studies have noted similar age
of onset and at death for women and men; although, genotypes and allele frequen-
cies may impact age at onset differently for women and men. A coding variant in
PPARGCIA is associated with earlier motor onset only in men carriers, and women
with apolipoprotein E genotype €2e3 have a later onset than men with the same
genotype (Meoni et al., 2020; Weydt et al., 2014). Higher levels of insulin-like
growth factor are associated with worse cognitive impairment for both genders,
although the negative association between growth hormone and cognitive impair-
ment was only present for men in a cohort of 109 people with genetically docu-
mented Huntington’s disease, aged 21 to 85 years, from five centers of the
Francophone Huntington Network in France (Saleh et al., 2010). Currently, only
symptomatic treatment options are available with potential gender differences still
needing to be explored.

Ataxia

Ataxia is an incoordination of voluntary muscle movement, which is a neurological
sign usually caused by cerebellar dysfunction, and impaired vestibular or proprio-
ceptive afferents to the cerebellum. It can be characterized by poor coordination,
unsteady gait with a tendency to stumble, wide-based stance, impairment of fine
motor skills, dysarthria, dysphagia, and eye movement abnormalities (Rosenthal,
2022; Winchester et al., 2013). It may have an acute onset with rapid progression
(e.g., when caused by stroke, hemorrhage, or infection), insidious onset with slower
progression (e.g., when caused by spinocerebellar ataxias), subacute onset (e.g.,
alcohol abuse, paraneoplastic syndrome, infections, certain medications), and can
be benign in symptomatic disorders (e.g., vestibular neuritis). As some causes of
ataxia have a narrow therapeutic window, prompt and careful assessment to identify
the etiology is important.

Ataxia can be classified by the cause: hereditary, acquired, and non-hereditary
degenerative (Fig. 6.5; Klockgether & Paulson, 2011). Acquired ataxias may have
sudden or subacute onset with quick progression and asymmetrical or focal presen-
tation. Acute onset without progression suggests injury, stroke, hemorrhage, or
anoxia, whereas subacute onset with progression suggests infectious, inflammatory,
or immune processes, metabolic disease, toxin or drug exposure, or neoplasm. It is
important to identify the underlying cause of ataxia as acquired ataxias can resolve
once the underlying factor is removed or treated. Hereditary ataxias usually have an
insidious onset, progress relatively slowly, and affect both sides of the body. There
is currently no cure for hereditary ataxias; however, people’s functional abilities can
be supported by medications and rehabilitation.
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Fig. 6.5 Ataxia classification

Autosomal recessive ataxias or metabolic disorders should be considered for
younger people with ataxia onset before the age of 25, or people with siblings who
are also affected; autosomal dominant ataxias should be considered for people with
parents who are affected; and maternal inheritance can point to mitochondrial or
X-linked disorders (Witek et al., 2021). Although genetic testing is becoming more
available for the diagnosis of these disorders, new pathogenic variants continue to
be identified for ataxia. People with ataxia onset after the age of 40 with no family
history are most likely to have sporadic etiology.

Epidemiology

The overall prevalence is estimated as 26 per 100,000 in children for ataxia, 10 per
100,000 for genetic ataxia, 2.7 per 100,000 for dominant cerebellar ataxia, and 3.3
per 100,000 for recessive. Global prevalence of spinocerebellar ataxia (SCA) is
estimated as 3 to 5.6 per 100,000 with the most common type being SCA type 3,
followed by SCA type 2 and 6 (Ruano et al., 2014). The most common autosomal
recessive ataxia is Friedreich ataxia, followed by ataxia with oculomotor apraxia or
ataxia-telangiectasia. X-linked ataxias can be less common in women compared to
men (Witek et al., 2021). Otherwise, there is no clear gender difference reported for
the prevalence of autosomal recessive or dominant cerebellar ataxias. Sporadic
adult-onset cerebellar ataxia is less common in women, with women/men preva-
lence rates of 1/1.3 to 2.3 (Klockgether, 2018). Acquired ataxia can also be less
common in women, with women/men prevalence rates of 1/2.1 (Shehataetal.,2011).
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Friedreich’s Ataxia

The most common autosomal recessive ataxia is Friedreich’s ataxia, associated with
a triplet repeat expansion in the intronic region of the FXN gene resulting in depleted
frataxin protein expression (Witek et al., 2021). People typically experience periph-
eral sensorimotor neuropathy in addition to ataxia. Other symptoms can include
muscle weakness in limbs, visual and/or hearing impairment, dysarthria, scoliosis,
high plantar arches of feet, diabetes, and heart disorders. Symptom onset is typically
between the ages of 5 and 15, although late-onset form after age 25 can also occur.
Prevalence seems to be similar for women and men; however, during progression,
heart problems are less severe in women than men (Ghorbani et al., 2019).

Spinocerebellar Ataxia (SCA)

The most common cause of autosomal dominant ataxia is SCA. Currently, there are
over 40 different SCAs, and the number continues growing with new genetic muta-
tions being discovered (Ashizawa et al., 2018). Symptoms can differ based on the
underlying genetic cause for SCAs, with progressive ataxia present in all types.
Although prevalence appears to be similar for women and men, symptoms and pro-
gression may differ. Women are affected less by ataxia-specific symptoms and more
by non-ataxia symptoms; non-ataxia symptoms can progress faster for women;
quality of life is better for women with slower decline over time compared to men
(Weber et al., 2024; Zielonka & Stawinska-Witoszynska, 2020).

Fragile X-Associated Tremor/Ataxia Syndrome (FXTAS)

The most common X-linked ataxia is fragile X-associated tremor/ataxia syndrome
(FXTAS), associated with a 50-200 CGG repeat expansion in the FMRI gene and
inherited in an X-linked dominant pattern (Witek et al., 2021). It is estimated that
around 16% of women and 40% of men carriers develop FXTAS. Premutation
occurs in less than 1 in 200 women and 1 in 400 men, resulting in a more balanced
prevalence rate for women and men (Cabal-Herrera et al., 2020). FXTAS typically
presents after the age of 50 with kinetic tremor, gait ataxia, neuropathy, autonomic
dysfunction, cognitive impairment, and parkinsonism (Hall & Hagerman, 2018).
Once a person is diagnosed, other family members should also be screened for
FXTAS and fragile X-associated primary ovarian insufficiency. FXTAS can be less
severe for women than men, and present with clinical features specific for women
such as primary ovarian insufficiency (Orsucci et al., 2022; Witek et al., 2021).
FMRI premutations are the most common monogenic cause of premature ovarian
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insufficiency and increase the risk for premature menopause. Psychiatric disorders,
especially depression, are also more common in women with FMR] premutations.

Mitochondrial Disorders

Mitochondrial disorders with ataxia often present with multi-organ dysfunction
impacting tissues like the peripheral and central nervous system, muscles, endo-
crine glands, heart, and gastrointestinal system (Finsterer & Zarrouk-Mahjoub,
2017). Although these disorders are more likely to be maternally inherited, there are
some autosomal recessive nuclear genes coding proteins that regulate mitochondrial
genes, which can also play a role.

Tics and Tourette Syndrome

Tics are sudden, rapid, repetitive, brief, irregular movements or sounds, which can
appear voluntary and are often exaggerated in intensity. Any movement or sound
can be a tic, and they can be highly variable within and between individuals. Tics
can be classified based on type (motor, vocal, or both) and complexity (simple,
complex; Fig. 6.6). They can range from infrequent and not bothersome to frequent,
intense, disruptive, and even self-injurious (Singer, 2019). Stress, anxiety, anger,
excitement, fatigue, heat, or infections can worsen, while concentrating on a physi-
cal or mental task, or sleeping can reduce the tics. Tics are commonly preceded by
an urge or sensation, referred to as a “premonitory urge,” which includes mounting

Simple tics

Complextics

Vocaltics

Lingustically meaningless
sounds, nhoises: barking,
coughing, grunting,
screeching, sniffing,
throat clearing, yelping

Meaningful speech,
including words, phrases,
or sentences: repeating
own’s words or phrases
(palilalia), repeating
others (echolalia),
obscene language
(coprolalia), using
differentintonations

Fig. 6.6 Classification of tics

Motortics

Sudden, brief, repetitive movements
with a single muscle group or body
part: eye blinking or jerking, sticking
the tongue out, head twitches or
jerks, nose wrinkling

Coordinated patterns of movements
that can appear purposefuland
resemble normal gestures or
movements, with multiple muscle
groups in different parts of the body:
touchingthe nose, touching other
people, smelling objects, obscene
gestures, flapping the arms,
mimicking others’movements
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tension, pressure, itch, or feeling localized to the region of the tic, which resolves
when the tic occurs. They can be suppressible at times, although this may worsen
the urge or internal tension.

Epidemiology and Presentation

Types of tic disorders include Tourette syndrome, chronic motor or vocal tic disor-
der, and provisional tic disorder. These can be differentiated based on the type of
tics and disease duration. Both motor (two or more) and vocal (at least one) tics
occur in Tourette syndrome and symptoms are present for at least 1 year; either
motor or vocal tics (one or more) occur in chronic motor or vocal tic disorder with
symptoms present for at least 1 year; and symptoms last less than 1 year in provi-
sional tic disorder. Typically, tics are most severe between the ages of 8 and 12 and
decline throughout teenagehood and adulthood. However, tics can continue into or
start during adulthood and can be severe and disabling.

Simple tics are common in childhood with prevalence suggested to be between 6
and 12%. Global prevalence for Tourette syndrome is estimated to range from 0.3%
to 1%. Overall, tic disorders are more common in children than adults, and less
common in girls than boys (1:3—4; Knight et al., 2012; Singer, 2019). While preva-
lence declines with age for boys, it increases for girls (Garris & Quigg, 2021).

Prognosis and Treatment

Compared to boys with Tourette syndrome, girls have later onset, later peak symp-
toms, more complex tics, less remission with age, and more functional impairment,
in both childhood and adulthood (Baizabal-Carvallo & Jankovic, 2023; Garris &
Quigg, 2021; Lichter & Finnegan, 2015). In adulthood, despite the similar severity
of the tics, women can experience more impairment in their daily lives, while men
can experience more pain from tics. Impairment worsens over time more for women
than men.

In terms of comorbidities, girls with Tourette syndrome are more likely to have
obsessive-compulsive disorder, eating disorders, anxiety, and mood disorders, and
less likely to have attention deficit hyperactivity disorder, learning disabilities, and
perinatal stress. Hyperandrogenism has been associated with Tourette syndrome for
both boys and girls, and neuroanatomic sexual dimorphism is reduced in adults with
Tourette syndrome (Garris & Quigg, 2021). However, response to anti-androgenic
medication can be less likely for women. Furthermore, brain structural changes
such as frontoparietal cortex, corpus callosum thinning, and putamen asymmetry
were reported only in men with Tourette syndrome, but not in women. This suggests
a difference in pathophysiology for women and men.
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Treatment options can include behavioral therapy, pharmacological therapies,
non-invasive neuromodulation, and deep brain stimulation. Treatment response can
differ by gender, as supported by better response to haloperidol for women. As long-
term outcomes are worse for women with more impact on their daily lives, women
with tics and Tourette syndrome should be included more in research during adult-
hood to better understand and address their needs.

Myoclonus
Epidemiology

Myoclonus is an involuntary, sudden, brief (10-50 millisecond duration) jerk caused
by muscle contraction (positive myoclonus) or interruption of muscle activity (neg-
ative myoclonus including asterixis). It is not a disease, but rather a clinical sign. A
study in Olmsted County, Minnesota with a population primarily of Northern and
Western European descent estimated the incidence as 0.9 per 100,000 persons/year
for women compared to 1.6 for men, and the prevalence as 9.2 per 100,000 person/
year for women compared to 7.9 for men (Caviness et al., 1999). Incidence increased
after the age of 40, with prevalence increasing with advancing age for both women
and men. In general, incidence and prevalence for different age groups were lower
for women than for men. These numbers may be higher in the general population,
as myoclonus is often secondary to another disease.

Presentation

The classification can be made based on clinical signs, neurophysiology, and eti-
ology (Riva et al., 2024). Clinical classification can be based on the body distri-
bution with focal, multifocal, segmental, or generalized distribution. Myoclonus
is usually irregular (arrhythmic) but can also be rhythmic (i.e., palatal or ocular
myoclonus). It can occur at rest, while maintaining a posture, or during action,
and may be triggered by tactile, acoustic, or visual stimuli (reflex or stimulus-
sensitive myoclonus). Etiological classification can include (1) physiologic, with
myoclonic jerks occurring as normal phenomena (hiccups, sleep jerks, startle
response); (2) essential, with non-progressive, isolated, and minimally disabling
myoclonus which can be idiopathic, sporadic, or hereditary (myoclonus-dystonia
syndrome); (3) epileptic, with EEG correlate; (4) symptomatic or secondary, with
myoclonus due to a post-hypoxic cerebral damage, drug or toxin exposure, meta-
bolic, infectious, inflammatory, neurodegenerative, or structural disorder; and (5)
functional myoclonus. Neurophysiological classification is based on identifying
the pathophysiologic generators and mechanisms of propagation, which includes
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cortical, cortical-subcortical, subcortical-nonsegmental, segmental, and peripheral
(Caviness, 2019; Merchant et al., 2020).

Diagnosis

Since a wide range of factors can underlie myoclonus, assessment should include a
thorough medical history, physical examination as well as laboratory tests, imaging,
and neurophysiology as needed. Treatment will differ based on etiology. While gen-
der differences for the etiology, symptom presentation, diagnosis, and prognosis for
myoclonus have not been determined, some studies have noted differences in
myoclonus-inducing disorders such as juvenile myoclonic epilepsy and myoclonus-
dystonia due to SGCE mutations. For myoclonus-dystonia due to SGCE mutations,
the median age at onset was 5 for girls and 8 for boys, and the disease is more com-
monly paternally inherited (Raymond et al., 2008). For juvenile myoclonic epi-
lepsy, girls are more likely than boys to demonstrate photoparoxysmal response
most often manifesting as myoclonus; earlier myoclonus onset age is associated
with drug resistance for girls (Cervenka, 2022; Shakeshaft et al., 2022).

Restless Legs Syndrome
Epidemiology

Restless legs syndrome (RLS), also known as Willis-Ekbom disease, is a common
disorder where people feel an irresistible urge to move their legs (Allen et al., 2014).
It can be idiopathic or secondary to diseases or conditions. Higher RLS risk has
been noted in conditions including end-stage renal disease, chronic liver disease,
multiple sclerosis, diabetes, peripheral neuropathy, migraine, and pregnancy in the
third trimester (Brostrom et al., 2023). Non-painful sensations typically start at rest,
improve by moving the legs, and recur once the movement stops. Sensations may
feel like aching, throbbing, itching, pulling, crawling, or creeping. Symptoms com-
monly occur later in the day and get more intense at night while resting, disturbing
sleep. Thus, RLS is also noted as a sleep disorder and is associated with periodic leg
movements of sleep. Severity and frequency may vary from day to day and daytime
disruption can accompany sleep disturbance. Spontaneous remission can occur,
although symptoms often recur. A meta-analysis including 97 studies from 33 dif-
ferent countries published between January 2000 and February 2022 estimated
global prevalence as 3% for adults, with 4.7% for women and 2.8% for men
(Brostrom et al., 2023). RLS is considered to be underdiagnosed and undertreated
with higher prevalence rates reported in prior studies.
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Risk Factors and Presentation

Women are consistently reported to have a higher risk for RLS than men. Pregnancy
and increased parity are significant risk factors for women, and menopause increases
the frequency of occurrence (Seeman, 2020). RLS is the most common movement
disorder during pregnancy for women; prevalence in pregnant women is reported to
be two to three times higher than in the general population (Miri et al., 2014). Low
iron levels and high estrogen levels, which oscillate, in women impact dopamine
and glutamate transmission and can contribute to this increased RLS risk (Seeman,
2020). Common comorbidities in RLS including migraine, depression, and anxiety
can also be more prevalent for women. Both the higher prevalence of these condi-
tions and treatments for these conditions can contribute to RLS risk. Symptoms and
comorbidities can also differ by gender. RLS can present more with sensory symp-
toms in women and motor symptoms in men (Holzknecht et al., 2020). Women
experience pain, waking up during sleep, sleep disturbance, and depressive mood
more than men, whereas men experience motor symptoms, hypertension, and car-
diovascular disease more than women with RLS (Kim et al., 2024). However, the
severity and impact on quality of life may not differ between women and men
(Manconi et al., 2012).

Treatment

In people with mild symptoms, non-pharmacological treatments may be sufficient;
however, if needed, several medications are available and helpful for the treatment.
Women have lower iron and receive iron supplementation therapy more frequently
than men (Kim et al., 2024; Manconi et al., 2012). Given significant differences in
risk, symptom presentation, and comorbidities, different treatments may be more
beneficial for women and men with RLS.

Paroxysmal Movement Disorders

Paroxysmal movement disorders are a rare heterogeneous group of diseases includ-
ing paroxysmal dyskinesia and episodic ataxia (Erro et al., 2023). Paroxysmal dys-
kinesias are intermittent attacks of abnormal involuntary movements (dystonia,
chorea, ballism, or a combination of these) without loss of consciousness and
include paroxysmal kinesigenic dyskinesia, paroxysmal non-kinesigenic dyskine-
sia, and paroxysmal exertion-induced dyskinesia (Harvey et al., 2021). Episodic
ataxia refers to attacks of cerebellar dysfunction with or without interictal neuro-
logical manifestations. Treatment differs based on the subtype.



196 E. Bayram
Epidemiology, Risk Factors, and Presentation

Primary paroxysmal movement disorders typically begin in childhood or adoles-
cence and improve or resolve with age, with a typically normal neurological exami-
nation between the attacks. Secondary paroxysmal movement disorders typically
after the second decade of life occur sporadically, with a typically abnormal clinical
examination between the attacks (Garone et al., 2020). Several genes have been
associated with paroxysmal movement disorders (primary), although they can also
occur due to secondary or acquired causes such as neurodegenerative, metabolic,
structural, or immunological disorders (secondary).

Paroxysmal kinesigenic dyskinesia with dystonia and/or chorea attacks triggered
by sudden voluntary movement lasting from a few seconds to a minute is the most
common form of paroxysmal dyskinesia. Prevalence is estimated to be 1 per 150,000
with lower rates for women than men (1/4 to 8) in sporadic cases, but not familial
cases (Bhatia, 2011).

Paroxysmal non-kinesigenic dyskinesia is characterized by dystonia and/or cho-
rea attacks that last for a few minutes to a few hours and can occur at rest or after
coffee, alcohol, or stress (Méneret & Roze, 2016). Prevalence is estimated to be 1
per 1,000,000. The women/men ratio for prevalence varies between 1/2 for sporadic
and 1/1 for familial cases (Bhatia, 2011).

Paroxysmal exertion-induced dyskinesia is induced by physical exhaustion after
prolonged exercise. Attacks usually last 5 to 30 min and affect the body part involved
in the exercise. Prevalence is less than 1 in 1,000,000 people, with the women/men
ratio reported to be 3/2 (Bhatia et al., 1997). The incidence of episodic ataxia is
estimated to be less than 1 per 100,000 persons/year (Choi & Choi, 2016).

Special Considerations for Prognosis of Paroxysmal Movement
Disorders in Women

Interestingly, 50% of women with paroxysmal kinesigenic dyskinesia were noted to
experience improvement during pregnancy (Bruno et al., 2004). Women may expe-
rience attacks of paroxysmal non-kinesigenic dyskinesia more frequently during
ovulation or menstruation. In episodic ataxia type 1, pregnancy or menstruation can
trigger attacks in women (Graves et al., 2014). Beyond these limited number of
studies, gender differences for the etiology, symptom presentation, diagnosis, prog-
nosis, and treatment are yet to be clarified.
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Tardive Syndromes

Tardive syndrome is a group of disorders with persistent hyperkinetic and hypoki-
netic movements and sensory complaints after chronic neuroleptics and other dopa-
mine receptor-blocking agents. It is distinguishable from similar symptoms
presenting as acute side effects of the medications, which resolve shortly after the
medication is stopped (Frei et al., 2018). In tardive syndromes, abnormal move-
ments or sensory symptoms persist or worsen for a month or more after the medica-
tion is stopped (Frei et al., 2018; Ward & Citrome, 2018). Abnormal movements can
include dystonia, chorea, tremor, akathisia, parkinsonism, tics, and myoclonus.

Epidemiology, Risk Factors, and Presentation

Tardive dyskinesia typically manifests as oro-buccal-lingual dyskinesia with stereo-
typed, involuntary movements of the tongue (protrusion or twisting), lips (smacking
or puckering), and jaw (chewing) (Chen et al., 2020). A meta-analysis including 41
studies published between January 1, 2000 and September 30, 2015 identified
through PubMed, MEDLINE, and Google Scholar search reported a global mean
prevalence of 25.3% in people taking typical and/or atypical antipsychotics, with
the highest rate for typical antipsychotics (30%) followed by atypical antipsychotics
(20.7%) and the lowest rate for people never exposed to typical antipsychotics
(7.7%; Carbon et al., 2017). Female sex is considered a risk factor, with higher
prevalence rates and more severe symptoms for women compared to men (Yassa &
Jeste, 1992).

Tardive dystonia typically presents focally and progresses into a segmental or
generalized form over time. It typically co-occurs with tardive dyskinesia. The face
and neck are the most commonly affected parts followed by the arms, trunk, and
legs. Prevalence ranges from 0.4% to 5% with a slight male predominance
(Macerollo & Deuschl, 2018). The onset age is younger for men than women
(Kiriakakis et al., 1998). Tardive akathisia is characterized by a feeling of restless-
ness and an inability to remain still. Typical manifestations are body rocking and
lower body involvement with a prevalence ranging from 20% to 30% (Chen et al.,
2020). It is more prevalent in women than men (Burke et al., 1989).

Tardive parkinsonism incidence has decreased after the use of atypical, new-
generation neuroleptics that have less affinity for D2 receptors (Badarny et al.,
2023). Ceasing the medication improves parkinsonism within a few months or
years, although symptoms persist or worsen in a quarter of cases (Marti Massé &
Poza, 1996). Similar to the majority of tardive syndromes, tardive parkinsonism is
also more prevalent in women than men. Other tardive syndromes can include
myoclonus, tremors, tics, and pain. Tardive pain may be more prevalent in women
than men (Ford et al., 1994).
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Prognosis and Treatment

Overall, tardive syndrome is diverse in both the phenomenology and clinical out-
comes, with a higher prevalence for women than men. While prevention is the best
course of treatment, there are also treatment options including oral medications,
botulinum toxin injections, and deep brain stimulation.

Functional Movement Disorders

Functional movement disorders (FMD) are among the most commonly seen disor-
ders at the neurology clinic and a major source of disability (Galli et al., 2020).
FMD were also referred to as psychogenic movement disorder, although there has
been a shift to the FMD term to emphasize the biopsychosocial illness model rather
than the idea of an unresolved psychological disease expressed through physical
symptoms. Changes in temporoparietal junction activity and connectivity between
the temporoparietal junction, salience/limbic network, and sensorimotor region
have been noted (Aybek & Perez, 2022). The diagnostic approach has shifted from
diagnosis of exclusion to positive diagnostic criteria based on clinical features and
physical examination (LaFaver, 2020). The current diagnostic approach includes
testing for distractibility, enhancement with attention, incongruency, motor incon-
sistency, suggestibility, and variability of involuntary movements (Gupta & Lang,
2009) (Table 6.5). Neurophysiological assessment is also helpful.

Sudden onset with often a precipitating trigger, spontaneous remission, paroxys-
mal nature, migration around the body, change of type of movement over time, and
association with other FMD or functional neurological disorders serve as clues for
diagnosis. Movement symptoms may include tremors, dystonia, myoclonus, and
parkinsonism. Psychiatric comorbidity is also common with a history of recent and/
or childhood physical or psychological trauma; however, such psychological stress-
ors are not required for the diagnosis (Espay et al., 2018).

Epidemiology, Risk Factors, and Presentation

Studies in North America and Europe suggest the prevalence in neurology clinics
for FMD cases ranges from 3.3 to 3.6%, with 40-50% having tremor, 18% dystonia,
4-14% myoclonus, and 7-40% parkinsonism (Galli et al., 2020). It is more preva-
lent for women than men (2.5/1) with a mean age at onset of 40 to 50. There are also
gender differences beyond prevalence. Mean age at onset is older for men than
women; sexual abuse is a risk factor for FMD more so for women than men; and
functional dystonia is more common for women, whereas gait problems are more
common for men (Edwards & Aybek, 2020).
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Table 6.5 Positive signs on examination and critical points in the diagnosis and delivering the
diagnosis of functional movement disorders
Positive signs on examination

Distractibility Abnormal movement resolves if attention is
directed elsewhere

Enhancement with attention Drawing attention to the abnormal movement
triggers or worsens the movement

Incongruency Discordant clinical findings with known
movement disorder

Motor inconsistency Movement inconsistent on exam and when the
person is not actively examined, movement
impaired at some times, preserved at some
times

Suggestibility Movement emerges or worsens with examiner’s
instructions, suggestions, or maneuvers

Variability Movement pattern including frequency,
amplitude, distribution, changes over time

Critical points in the diagnosis and delivering the diagnosis
- Make the diagnosis based on clinical examination, rather than as a diagnosis of exclusion

- Disclose how the diagnosis was made by outlining the specific features on examination that
made the diagnosis definite, if such level of certainty was achieved (e.g., Hoover sign or
tremor entrainment)

- Emphasize the confidence in the diagnosis to prevent the person to feel the need for
alternative medical opinions

- Validate the neurological symptoms and disability

- Disorder is potentially reversible with treatment, and favorable outcome starts with
delivering the diagnosis successfully

- Ensure the person understands the rationale for tailored multidisciplinary management with
a partnership with the provider

Prognosis and Treatment

Many people living with FMD can have persistent symptoms after years of follow-
up (LaFaver, 2020). Although there is still a need for more studies to better deter-
mine the course of the disease, timely diagnosis, reduced stigma, and more access
to treatment can improve the prognosis. Treatment starts with appropriately inform-
ing the person of the diagnosis. Addressing the stressor if identified, medication,
rehabilitation therapy, and invasive approaches are available treatment options.

Conclusions

While findings remain limited, literature so far supports unique experiences for
women compared to men across several hypokinetic and hyperkinetic movement
disorders. Gender differences can include risk factors, prevalence, clinical profile,
progression, and treatments (Table 6.6). As pathophysiological mechanisms may
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Table 6.6 Ratio of women to men with movement disorders

Movement disorder

Parkinson’s disease

Dementia with Lewy bodies

Multiple system atrophy

Progressive supranuclear palsy

Corticobasal degeneration

Drug-induced parkinsonism

Vascular parkinsonism

Stiff person syndrome

Essential tremor

Wilson’s disease

Adult-onset focal and segmental dystonias
DYT-TORIA dystonia

GCH -deficient dopa-responsive dystonia
GNAL-linked dystonia

ANO3-related dystonia

DYT-THAPI1 dystonia

TH-deficient dopa-responsive dystonia
Beta-propeller protein-associated neurodegeneration (BPAN)
Sydenham chorea

Benign hereditary chorea
Chorea-acanthocytosis

X-linked dystonia-parkinsonism

Huntington’s disease

Friedreich’s ataxia

Spinocerebellar ataxias

Fragile X-associated tremor/ataxia syndrome (FXTAS)
Sporadic adult-onset cerebellar ataxia

Acquired ataxia

Tourette syndrome

Restless legs syndrome

Sporadic paroxysmal kinesigenic dyskinesia
Sporadic paroxysmal non-kinesigenic dyskinesia
Familial paroxysmal non-kinesigenic dyskinesia
Paroxysmal exterion-induced dyskinesia
Tardive dyskinesia

Tardive dystonia

Tardive akathisia

Tardive parkinsonism

Functional movement disorders

E. Bayram

Ratio (Women:Men)
0.85:1

Women < Men*
0.43:1

~1:1°

~1:1°

Women > Men*
0.39:1

2:1

0.78:1

~1:1°

1.53:1

0.9:1

2.1:1

2:1

1.4:1

1:1

0.9:1

Women > Men*
3:1

Girls > Boys
~1:1°

0.01:1

1.15:1

~1:1°

~1:1°

0.8:1

0.43:1

0.48:1
0.25-0.33:1
1.68:1
0.13-0.25:1
0.5:1

1:1

1.5:1

1.23:1

Women < Men-
1.9:1

Women > Men*
2.5:1

Note.*While exact ratio is unclear, prevalence is noted to be different between women and men
"While exact ratio is unclear, prevalence is noted to be similar for women and men
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differ for women and men, considering gender becomes more important to establish
effective treatments for movement disorders. Women with movement disorders
need to be highlighted and supported more by both clinical and research efforts.

Clinical Takeaways

* Movement disorders characterized by production and control of movements
include some of the most common neurological disorders leading to both motor
and non-motor symptoms.

» Risk factors, prevalence, and symptoms in a number of hypokinetic and hyperki-
netic movement disorders differ by gender, which can inform the diagnosis,
prognosis, and treatment plan.

* Reproductive stages and pregnancy should be considered for prognosis and treat-
ment, as they impact symptoms and some common treatments may have terato-
genic effects.

Research Takeaways

e Structure and function of the basal ganglia and cerebellum, associated with
movement disorders, differ by gender.

* Women remain significantly underrepresented in the research of several move-
ment disorders, underscoring the need for targeted efforts to better understand
their experience and to provide better care during different reproductive stages
and pregnancy.

» Different pathophysiological processes can contribute to the symptoms for
women with movement disorders, requiring different treatment options to be
determined by research.
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Chapter 7 )
Epilepsy il

Yosefa Modiano and Erin Sullivan-Baca

Introduction

Epilepsy refers to the propensity to generate recurrent unprovoked seizures and
ranks among the most common neurological diseases (Beghi, 2019). Seizures are
paroxysmal events caused by abnormal excessive and hypersynchronous neuronal
activity in the brain and are associated with changes in behavior, movement, sensa-
tion, and level of consciousness. Seizures can be broadly characterized as general-
ized or focal, referring to the hemisphere(s) in which aberrant neurophysiological
signaling originates, and are further defined based on symptom onset and episode
semiology (Fisher et al., 2017). Etiology is varied; epilepsy can emerge following
nearly any neurologic insult, congenital malformations, or genetic syndromes. In
cases where no clear precipitant is identified, genetic factors are the presumed etiol-
ogy. In addition to seizure generation, epilepsy impacts physiological, cognitive,
psychological, and social functioning.

Epilepsy affects people across the lifespan of all genders, ethnic backgrounds,
and socioeconomic classes, though certain demographic factors (e.g., gender and
race/ethnicity) confer increased risk for developing epilepsy, as reviewed below.
Notably, women with epilepsy (WWE) warrant consideration as a unique subgroup
of people with epilepsy based on evidence that they present with distinct seizure
etiology (Christensen et al., 2005; Hauser et al., 1993), neuropsychological factors
(Lorkiewicz et al., 2023), psychiatric and medical comorbidities (Sullivan-Baca
etal., 2022, 2023), and treatment considerations (Knight et al., 2021; Sullivan-Baca
et al., 2023; Tomson et al., 2019).
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Given high base rates, neuropsychologists are likely to encounter patients with
epilepsy in practice settings or research contexts. Neuropsychological assessment in
this population generally focuses on measuring and understanding cognitive and
behavioral presentations to aid in diagnosis and treatment planning.
Neuropsychologists are well poised to integrate medical, functional, developmen-
tal, and social factors in characterizing patients. Accordingly, this chapter will high-
light the characteristics of WWE that are important for neuropsychologists to
appreciate in administering appropriate patient care and designing informed
research.

Base Rates and Prevalence Rates

Epilepsy ranks among the most common neurologic conditions, with a 3.1% cumu-
lative lifetime risk for epilepsy in industrialized countries (McHugh & Delanty,
2008). The lifetime prevalence is 7.60 per 1,000 persons with an annual cumulative
incidence of 67.77 per 100,000 (Fiest et al., 2017). Findings regarding sex differ-
ences in rates of epilepsy are mixed with most studies showing slightly lower inci-
dence and prevalence among women or non-significant differences (Fiest et al.,
2017; Hauser & Beghi, 2008; Kim et al., 2014; Kotsopoulos et al., 2002). In a large
meta-analysis, Kotsopoulos et al. (2002) identified a modestly lower incidence of
epilepsy among women (46.2 per 100,000 persons) than men (50.7 per 100,000
persons). However, Fiest et al. (2017) failed to identify sex differences in a large
systematic review.

Considerations About Base Rates

Inconsistent or null findings regarding sex differences across epidemiological stud-
ies may reflect a number of methodological and sociocultural issues (see Beghi &
Beghi, 2013). While epidemiological studies ideally include large population-based
surveys, many studies are in fact conducted in small urban or rural settings that are
not representative of nationally based reports. The definition of epilepsy can vary
across studies. Some surveys focus exclusively on generalized seizures and fail to
include individuals with mild or infrequent seizures. This could influence outcomes,
as sex differences are identified among seizure types and syndromes (Christensen
et al., 2005). Community surveys may not account for higher perceived stigma
among women reporting epilepsy or sufficiently screen for psychogenic non-
epileptic seizures (PNES), which is highly prevalent among community epilepsy
clinics and disproportionately affects women.
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Risk Factors

Age is a strong risk factor for the development of epilepsy. Incidence is bimodally
distributed with highest rates among infants under the age of 1 and older adults
above the age of 65 with precipitous increase in risk after age 75 (Hauser et al.,
1993; Hauser & Beghi, 2008). There may be a sex by age interaction in epilepsy
risk, as one study showed annual incidence of epilepsy was similar among men and
women until age 50, at which point incidence decreased for women only (Hesdorffer
et al., 2011). Several of the studies on adult epidemiology are drawn from a cohort
in Rochester, MN, and data likely do not generalize to populations with different
life expectancy rates. Studies in pediatric samples show that girls under the age of 5
have a slightly higher incidence of epilepsy than boys, though this pattern reverses
in later childhood (Cowan, 2002). There is a two- to three-fold higher incidence of
epilepsy in low to middle income countries (Beghi & Hesdorffer, 2014), though the
extent to which this differs across sex is not reported. Low-income individuals liv-
ing in high income countries are also at greater risk for developing epilepsy and
increased mortality due to factors associated with poverty, including perinatal risk
factors, higher rates of CNS infection, and risk for traumatic brain injury (TBI).

When examining why men and women are at differential risk of developing epi-
lepsy, it is crucial to consider well-established sex differences in etiologies. For
example, women typically have lower rates of risk factors for remote symptomatic
epilepsy and acute symptomatic seizures, such as TBI (see Chap. 4), CNS infection,
and substance abuse leading to alcohol-related seizures (McHugh & Delanty, 2008).
Regarding TBI specifically, the influence of intimate partner violence on TBI among
women (both due to blunt force trauma and less identified anoxic events; see Chap.
4 for more details) and downstream risk of post-traumatic epilepsy (PTE) remains
an area for future research. Given the link between trauma and PNES (see Chap.
10), such research would require astute discernment of epilepsy versus PNES within
the sample.

Diagnosis and Prognosis

There are established sex differences in a number of epilepsy clinical characteris-
tics, including age of onset, propensity toward epilepsy syndromes, and seizure
semiology, each of which may confer different prognostic outcomes between men
with epilepsy (MWE) and WWE. Hypotheses regarding sex differences in age of
epilepsy onset date to the 1960s with purported mechanisms related to different
rates of maturation. Taylor (1969) argued that cerebral maturation is more rapid in
girls, such that boys are at greater risk for neurologic insult for a longer duration of
development. While this remains to be demonstrated mechanistically, research does
indicate sex differences in age of development as a function of epilepsy type. Hauser
et al. (1993) showed a higher incidence of seizure development among girls in the
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first five years of life, with highest rates of generalized epilepsy in the first year of
life. The incidence appears to converge across childhood and early to mid-adulthood
until ages 45 to 50, when women are less likely than men to develop lesional

epilepsy.

Epilepsy Syndromes

Despite findings of higher incidence among men, women appear at higher risk for a
number of idiopathic generalized epilepsies (IGE; Christensen et al., 2005; Hauser
et al., 1993). Christensen et al. (2005) showed that juvenile myoclonic epilepsy
(JME) is 1.5 times more common in girls than boys, and Hauser et al. (1993) dem-
onstrated a two- to five-fold increased risk for absence seizures among girls. Age by
gender interactions may account for some of these differences, as women between
age 15 and 50 were more likely to have IGE, suggesting a possible role of sex hor-
mones (Christensen et al., 2005). Findings are not uniform, as one population study
from Rochester, MN showed male predominance for both generalized and focal
seizures (Hauser et al., 1993). In terms of etiology, focal cortical dysplasia and peri-
ventricular nodular heterotopias are less common among WWE (Ortiz-Gonzilez
et al., 2013; Sisodiya et al., 1999), though others have shown PVNH is more com-
mon among WWE in familial cases (Battaglia et al., 2006). In one study of patients
with refractory mesial temporal lobe epilepsy (mTLE) in Sweden who underwent
anterior temporal lobectomy with hippocampectomy, WWE showed more pro-
nounced subpial and intracortical gliosis compared to MWE, as well as reduced
cortical thickness. The degree of hippocampal sclerosis (HS) was similar across
sexes (Doherty et al., 2007). The authors posit that sex hormones may influence
neuronal and glial cell homeostasis and differentially modulate inflammatory
responses contributing to pathological processes.

Seizure Semiology

Aspects of seizure semiology can differ across sexes. Isolated auras appear more
common in women with temporal lobe epilepsy (TLE) than men with TLE (Janszky
et al., 2004), and the specific aura semiology may differ, with one report showing a
higher rate of sexual arousal auras among women than men (Remillard et al., 1983).
Ictal fear was more common in women in one sample (Chiesa et al., 2007), though
this was only seen in adults, as rates of ictal fear were similar among pediatric girls
and boys. Janszky et al. (2004) presented a pathologically homogeneous sample of
men and women with mTLE due to identified HS and failed to identify sex differ-
ences in a number of clinical characteristics, including age of onset, seizure fre-
quency, seizure duration, or affected hemisphere. Males in their sample were more
likely to have focal to bilateral tonic clonic generalizations, and women were more
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likely to exhibit auras in isolation. Interestingly, concordance between hemisphere
of HS and seizure laterality was more common among women, which argues that
men may exhibit greater atrophy in the contralateral hippocampus, perhaps as a
function of more extensive epileptic networks.

Neuroimaging Results

Structural and functional neuroimaging show sexual dimorphisms among people
with epilepsy (PWE). MWE have reduced volume in areas extraneous to the seizure
onset zone (e.g., contralateral hippocampus; Briellmann et al., 2000; Janszky et al.,
2004). Men with TLE tend to demonstrate more structural abnormalities in frontal
regions, whereas women with TLE display more predictable temporal abnormali-
ties (Santana et al., 2014). Similar findings have emerged in functional imaging
studies. In contrast to Janszky et al. (2004), Savic & Engel (1998) demonstrated
greater hypometabolism among women with TLE contralateral to the hemisphere of
seizure onset, whereas men with TLE had greater hypometabolism ipsilateral to
seizure onset. Men with mTLE demonstrated greater extra-mesiotemporal hypome-
tabolism compared to women with mTLE, which correlated with reduced perfor-
mance on cognitive measures of trail making and logical memory (Nickel
et al., 2003).

Prognosis

Regarding prognosis, a large prospective longitudinal study measuring seizure
remission over a 9-year period showed no sex differences (Cockerell et al., 1997).
Another multicenter cohort study demonstrated reduced risk of post-surgical sei-
zure recurrence for men with TLE due to HS with poorer post-surgical prognosis
among women with TLE and HS (Burneo et al., 2006).

Morbidity and Mortality

WWE have lower incidence of status epilepticus than MWE, perhaps due to greater
risk of other neurologic insult among men or sex hormone-mediated differences in
seizure threshold (McHugh & Delanty, 2008). Regarding mortality, WWE had a
two-fold higher mortality rate (standardized mortality ratio of 5.4) compared with
MWE (standardized mortality ratio of 2.8) in an Italian sample (Beghi et al., 2005).
Others have not shown a sex difference in incidence of SUDEP (Nilsson et al., 1999).
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Research on cognition in epilepsy has primarily focused on TLE. Within that litera-
ture base, the majority of studies have emphasized memory functions, as these are
the most commonly reported disruptions in individuals with TLE (Bell et al., 2011;
Zhao et al., 2014). A similar trend exists in the literature evaluating sex differences
in neurocognitive presentation between WWE and MWE, with nearly all studies
focused on learning and memory in TLE patients. Table 7.1 describes the primary

findings from the current literature.

Table 7.1 Trends in gender-specific differences in cognitive performance

Study

Bengston
et al. (2000)

Berenbaum
et al. (1997)

Berger et al.
(2017)*

Cognitive

Sample domain

22F & 18M | Verbal LR€

(left TLE)
16F & 14M
(right TLE)

30F & 27M | Verbal

(Ieft TLE) | LRN¢

13F & Verbal

122M LRNC¢
Visual LR

Cognitive
measure
WMS Logical
Memory
(savings
score)

CVLT (Total
Learning,
SDFR,
Semantic
Clustering)

RAVLT
(German
version, Total
Learning,
DFR)

NVLT (Total
Learning,
Delayed
Recognition)

Pre-Surgical
findings

No gender
differences.

Women
outperformed men
due to increased
semantic
clustering.

Women performed
better than men on
verbal but not
visual tasks.

Post-Surgical
findings
Women
demonstrated
stronger
performances
regardless of
surgical
hemisphere
compared to
men.

Women
outperformed
men despite
similar
hippocampal
pathology
suggesting
frontal lobe
function may
underlie gender
differences in
learning and
memory.
Women
maintained an
advantage over
men on verbal
tasks despite
similar
hippocampal
pathology.

(continued)
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Table 7.1 (continued)

Study

Berger et al.
(2018)®

Bjgrnas
et al. (2005)*

Davies et al.
(1998)

Frings et al.
(2006)

Sample

90F & 93M
(TLE)
26F & 24M
(FLE)

19F & 22M
(left TLE)

27F & 23M
(right TLE)

60F & 47M
(left TLE)

50F & 46M
(right TLE)

8F & 14M
(medial
TLE)

Cognitive
domain
Verbal
LRNC

Verbal
LRNC
Visual LR

Verbal
LRNC

Verbal
LRNC
Visual LR

Cognitive
measure
RAVLT
(German
version; Total
Learning,
DFR)

List Learning
Task
(Norwegian
version
adapted from
Luria, 1966;
DFR, # of
trials to reach
criterion, %
Recall)
Modified
version of
design
learning and
retention from
Jones-
Gotman, 1986
(Total
Learning,
DFR)

CVLT (Total
Learning,
SDFR, LDFR,
% Loss)

RAVLT
(German
Version)
DCS-R fMRI
Recognition
Paradigm

Pre-Surgical
findings

Women with TLE
performed better
than men. FLE was
not associated with
gender-specific
differences in
performance.
Women with right
TLE outperformed
women with left
TLE on verbal
tasks. No gender
differences were
found on verbal or
visual tasks.

While mean scores
for women were
relatively higher
than men,
differences were
non-significant.
No gender
differences in
performance on
any task.
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Post-Surgical
findings

‘Women
demonstrated
less decline on
verbal tasks and
greater
improvement
on visual tasks
than men
following left
ATL. Neither
group
experienced
significant
declines.

Left-sided
resection and
male sex
predicted lower
performance.

Hippocampal
activation
differed
between left
and right medial
TLE but not
gender.

(continued)
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Table 7.1 (continued)

Study

Sample

Cognitive
domain

Helmstaedter | 43F & 42M | Verbal

et al. (1999)*

(left TLE)

LRNC
Visual LR

Helmstaedter | 75F & 94M | Verbal

et al. (2004)

Smith et al.
(2009)°

(left TLE)

25F & 26M
(intractable
epilepsy)

LRNC
Visual LR

Verbal
LRNC
Verbal LR®
Visual LR
Facial
Recognition

Cognitive
measure
AVLT
(German
Version; Total
Learning,
DFR, Delayed
Recognition)
Benton Visual
Retention Test
(Total Correct,
Total Errors);
DCS-R (Total
Correct)

RAVLT
(German
Version; Total
Learning,
DFR)

DCS-R (Total
Correct at
Last Trial)

AVLT (Child
Version; Total
Recall, DFR)
Story Recall
(IFR, DFR)
Rey Complex
Figure Test
(DFR)

Facial
Recognition
Test (IFR)

Y. Modiano and E. Sullivan-Baca

Pre-Surgical
findings

Women performed
better than men on
verbal tasks
whereas men
outperformed
women on visual
tasks. While
atypical dominance
prevalence was
similar between
men and women,
only women
benefited from
atypical dominance
in task
performance.

Women performed
better on verbal
tasks, particularly
those with atypical
or bilateral
dominance. No sex
differences were
found in visual
task performance.

Girls demonstrated
stronger Verbal
LRXC (not
significant) and
Verbal LRC. No
gender differences
were found in
Visual LR or
Facial Recognition.

Post-Surgical
findings

Women with
left TLE and
atypical
language
dominance
demonstrated
greater
preservation of
verbal abilities
but performed
worse on visual
tasks compared
to men.

(continued)
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Table 7.1 (continued)

Cognitive | Cognitive Pre-Surgical Post-Surgical
Study Sample domain measure findings findings
Strauss et al. | 16F & 8M | General WISC-R; Females with -
(1992)° (left early | Intelligence | WAIS-R atypical language
onset Language | (Verbal & dominance
seizures) Verbal LRC | Performance | performed
Visual LR | 1IQ) significantly lower
Verbal than women with
Fluency typical language

(FAS); Boston | dominance on
Naming Test; | language and
Token Test verbal and visual
WMS Logical | memory tasks.
Memory (IFR, | Males performed

DFR) below expectation
WMS Visual | on all tasks,
Retention suggesting that

(IFR, DFR) early left

hemisphere insult

has sex-specific

cognitive

consequences.
Note. Table modified from Lorkiewicz et al. (2023)
*Only presurgical findings
"Pediatric sample with only presurgical findings
CContextual; N°Non-contextual. FLE = Frontal lobe epilepsy; TLE = Temporal lobe epilepsy; F =
Female/women; M = Male/men; LR = Learning and recall; IFR = Immediate free recall; DFR =
Delayed free recall; SDFR = Short delay free recall; LDFR = Long delay free recall; AVLT =
Auditory Verbal Learning Test; CVLT = California Verbal Learning Test; DCS-R = Diagnosticum
Fur Cerebralschadigung (Revised; Lamberti & Weidlich, 1999)

Across these studies, WWE have been shown to have stronger performances on
verbal list learning and retrieval tasks compared to men, with a particular strength
in semantic clustering. This finding has remained even when factors such as mor-
phologic pathology, including hippocampal sclerosis (HS), are controlled for
(Berenbaum et al., 1997), and differential cognitive findings seem to hold across the
lifespan (Smith et al., 2009). While the exact driver of this advantage is unknown,
more efficient encoding and preserved frontal lobe functioning are believed to be
contributory (Berger et al., 2017). Alternatively, men with TLE appear to have a
relative preservation of visuospatial learning and memory compared to women
(Helmstaedter, 1999; Helmstaedter & Kockelmann, 2006), although this pattern
appears limited to adult samples.

Regarding subjective cognitive concerns, when neurocognitive test performance
is controlled for, WWE evidence an increased rate of memory concerns when com-
pared to MWE (Rayner et al., 2020). The relationship between sex and subjective
cognitive concerns is likely moderated by depression and other psychological fac-
tors, which, as described below, are elevated in WWE. It may also be reflective of a
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tendency of women to more readily report cognitive complaints, which is not unique
to epilepsy. Clinically, elevated subjective cognitive concerns in WWE underline
the need for evaluations and feedback sessions that are driven by both empathy and
psychoeducation.

Post-Surgical Neurocognitive OQutcomes

While there are multiple surgical interventions to address epilepsy, the primary
focus of the neurocognitive literature has been on anterior temporal lobectomy
(ATL), which typically includes amygdalohippocampectomy (AH). In studies
examining the outcomes of men and women post-ATL, findings are mixed. Some
studies have shown that women may be more resilient to the potential adverse neu-
rocognitive effects of surgical intervention. Specifically, women may maintain bet-
ter verbal memory following ATL when compared to men, with small to moderate
differences identified across list learning tasks, paired associate learning and mem-
ory tasks, and prose recall tasks (Bengtson et al., 2000; Berger et al., 2017; Davies
et al., 1998). However, while sex appears to be one factor moderating memory fol-
lowing ATL, it is likely a part of a complex system of influences, including side of
resection, seizure freedom, and language lateralization.

However, other studies have found the opposite, with women more significantly
impacted by post-surgical declines. In a large study comparing women (n = 202)
and men (n = 170) presenting for temporal lobe resection in the UK, there was no
effect of sex on laterality of seizure focus or seizure outcome 1 year post surgery
(Baxendale, 2023). Likewise, no sex differences were noted in reported anxiety or
depression. However, women scored higher than men before surgery on story learn-
ing and memory but showed less proficient naming skills in both right and left TLE
compared with males in the study. As expected, the overall left TLE group demon-
strated more postoperative declines in verbal learning and recall, but sex interac-
tions demonstrated greater decline among women with left TLE resection. The
author concluded that preoperative functional reorganization does not protect WWE
from postoperative loss. Similarly, in developing nomograms to help predict post-
surgical decline following ATL, Busch et al. (2018) found that sex predicted postop-
erative decline in naming with slightly greater risk of decline among women. The
nomograms were derived from a large cohort (n = 719, 54% female) of individuals
with TLE from the Midwestern United States and validated with cohorts from other
institutions based in the Northeastern, Northwestern, and Southeastern US. The
original validation cohort was predominantly Caucasian (93.05%) with a mean of
13 years of education, so generalizations are limited to similar cohorts.
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Aging and Cognitive Decline

There is limited literature investigating the differential risk of cognitive decline in
MWE and WWE. Animal model research focused on the dual roles of Alzheimer’s
disease markers and seizures suggests chronic seizures may alter hippocampal neu-
roinflammation and neuroplasticity in a sex-specific manner, with a differential
influence on the cognitive presentation of female and male rodents (Knox et al.,
2023). How these neuropathological sex differences may combine with psychoso-
cial, treatment, and other influences in human cognition is less well established. In
arecent study of epilepsy, vascular risk factors, and cognitive decline in older adults,
researchers found that MWE and vascular risk factors had a lower than expected
long-term risk of cognitive decline (measured by a global screener and processing
speed performance) compared to women with these same health factors (Choi et al.,
2022). Interestingly, sex was the only demographic factor that interacted signifi-
cantly with epilepsy to influence cognitive decline. Similarly, in two studies of older
adults with late-onset epilepsy, women were more likely to have comorbid dementia
than men. Increased dementia among women was only statically significant in a
large cohort study based on Medicare claims (Martin et al., 2014), whereas a meta-
analysis did not find a significant sex effect for late onset epilepsy (Tang et al.,
2022). As such, while emerging literature suggests WWE may be at a greater risk of
cognitive decline than men, further research is needed to confirm this trend and its
underlying contributors.

Psychological Conditions

People with epilepsy are at an increased risk of psychological dysfunction when
compared to the general population, with estimates suggesting that anywhere from
25% to 60% of people with epilepsy also have a psychological diagnosis (Bangar
et al., 2016; LaFrance et al., 2008; Rai et al., 2012). Psychological conditions likely
have a bi-directional relationship with epilepsy, such that epilepsy-related patho-
logical changes place someone at an increased risk for subsequent psychopathol-
ogy, and pre-existing psychopathology places someone at an elevated risk of
epilepsy (Josephson & Jetté, 2017; Martin et al., 2014).

WWE are more greatly impacted by psychological conditions when compared
both to women in the general population and men with epilepsy (Chan et al., 2015;
Sundar et al., 2017). Specifically, compared to MWE, MWE have higher rates of
depression (27%—65% in women versus 17%-33% in men) and anxiety (17%—-33%
versus 9%—-23% in men) (Karouni et al., 2010; Zhong et al., 2021). There is also an
elevated risk of traumatic exposure in people with epilepsy and especially WWE,
who may be especially prone to exposure to specific types of traumas, including
physical and sexual violence (Vederhus et al., 2022). Pregnant women and women
with limited access to resources are especially vulnerable to trauma (Birbeck et al.,



224 Y. Modiano and E. Sullivan-Baca

2007; Chaudhry et al., 2023). As such, rates of PTSD in WWE are likely also ele-
vated, although further research is needed to explore this risk. Rates of other psy-
chological conditions, such as bipolar disorder and schizophrenia spectrum
disorders, have been less thoroughly investigated, but do not appear to meaningfully
differ between sexes (Lorkiewicz et al., 2023).

Suicidality is especially crucial to consider in people with epilepsy, as rates of
suicidal ideation and completed suicide are vastly greater than those in the general
population. Specifically, between 11.5% and 20.8% of people with epilepsy have a
history of suicide attempt versus 1.2% of the general population (Jones et al., 2003).
While the overall trends of MWE and WWE mimic those of the general population,
with women more likely to attempt suicide than men and men more likely to com-
plete suicide, risk factors for suicidality may be unique in this population. Table 7.2
(from Lorkiewicz et al., 2023) describes the influence of seizure characteristics,
demographic factors, psychosocial stress, and behavioral characteristics on suicid-
ality in WWE and MWE.

Table 7.2 Gender-specific factors mediating suicide risk and mortality among PWE

Factor Study Pattern
Seizure Kalinin and Focal impaired awareness seizures decreased suicide
characteristics | Polyanskiy (2005a) | mortality risk in women.

Kalinin and Daily dose of phenobarbital, carbamazepine, and

Polyanskiy (2005a) | valproate increased suicide risk in women with more
frequent seizures.

Kalinin and Daily dose of classic ASMs increased suicide risk for
Polyanskiy (2005a) | men.
Kalinin and Greater seizure frequency (particularly focal or
Polyanskiy (2005a) | secondary generalized seizures) increased suicide risk in
men.
Demographics | Tian et al. (2016) Being between ages 30 and 39 increased suicide risk in
women.
Kalinin and Earlier age of seizure onset increased suicide risk in
Polyanskiy (2005a) | men.
Abraham et al. Being a man increased suicide risk and mortality among
(2019) PWE.
Tian et al. (2016) Being separated, divorced, or widowed increased
suicide risk in women.
Psychosocial Abraham et al. Relationship difficulty in younger PWE increased
(2019) suicide risk for men and women.
Abraham et al. Financial and/or medical challenges in older PWE
(2019) increased suicide risk for men and women.
Behavior Lee et al. (2022) Impulsivity increased suicide risk in men.

Note. Table from Lorkiewicz et al. (2023)
PWE = people with epilepsy; ASM = anti-seizure medication
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Quality of Life

Epilepsy is associated with reduced quality of life (QoL), with QoL levels affected
by seizure frequency, epilepsy treatment, psychiatric conditions, neurocognitive
symptoms, and other medical conditions (Baranowski, 2018; Strzelczyk et al.,
2023). Compared to men, WWE report lower QoL (Grant et al., 2013; Santos et al.,
2018). The reason for reduced QoL in WWE is multifactorial and may vary across
the lifespan. For example, WWE in their reproductive years are at risk for lower
QoL due to hormonal imbalances, obstetric concerns and complications, as well as
elevated risk of comorbid depression and anxiety (Beghi et al., 2004). Additional
predictors of decreased QoL in WWE include lower education level; being single,
divorced, or separated; intractable seizures; ASM side effects; catamenial epilepsy;
polycystic ovarian syndrome; depression; fatigue; and/or sexual dysfunction
(Lorkiewicz et al., 2023).

Unique Considerations for Women
Catamenial Epilepsy

Catamenial epilepsy highlights the relationship between hormonal fluctuations and
seizure presentation in women. Defined as seizure clustering in alignment with the
menstrual cycle, catamenial epilepsy has further been divided into three patterns
based on the phase of seizure exacerbation: perimenstrual, periovulatory, and luteal
phase (Herzog et al., 1997). While there is variability in proposed diagnostic criteria
for catamenial epilepsy, a two-fold increase in seizure frequency during the period
of exacerbation when compared to baseline is the most generally accepted defini-
tion (Herzog et al., 2004). Prevalence of catamenial epilepsy is believed to be at
least 40% in WWE (Herzog et al., 2012) and is likely attributable to estrogen to
progesterone ratio, with estrogen believed to have excitatory proconvulsant effects
and progesterone having anticonvulsant effects (Frank & Tyson, 2020). A single
gold-standard treatment for catamenial epilepsy has not yet been identified and thus
a treatment regimen may include traditional antiseizure medications (ASMs), natu-
ral progesterone, or amenorrhea-inducing drugs, with less support for hormonal
contraception.

It is notable that many questions about catamenial epilepsy remain underex-
plored in the literature. In a recent review of research productivity in catamenial
epilepsy, Mirawati and colleagues examined studies spanning 1956 to 2022 on a
global scale (Mirawati et al., 2024). While they found that the number of publica-
tions has accelerated over the past 20 years, the literature base remains insufficient,
particularly in terms of practice guidelines, risk assessment, and medication-related
research.
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Menstrual Disorders, Infertility, and Obstetric Risk

WWE have consistently been found to be at an increased risk of menstrual distur-
bances when compared to women without epilepsy, with current estimates suggest-
ing approximately 33% of WWE experience menstrual disorders compared to
12-14% of women without epilepsy (Herzog & Friedman, 2001; Svalheim et al.,
2003). This risk is multifactorial and may be the result of epilepsy characteristics,
including age of seizure onset and frequency of seizures, as well as the use of spe-
cific ASMs and the need for polytherapy (Bosak et al., 2018).

Alongside menstrual disorders, infertility is also a prominent concern among
both MWE and WWE. While some of the decreased birth rate among WWE may be
attributable to a choice to not become pregnant due to risk of obstetric complica-
tions, there is also prominent literature to support the relationship between epilepsy,
ASMs, and infertility. Epilepsy likely exhibits a direct effect on the reproductive
endocrine system in women, with resulting estrogen and androgen level abnormali-
ties (Markoula et al., 2020). At the same time, the influence of ASMs on women’s
reproductive health is also well established, with a high risk of secondary endocrine
disorders with certain types of ASM treatment, most notably valproate (Sazgar
et al., 2024).

Obstetric risk in epilepsy is one of the more thoroughly investigated domains
specific to women with this condition (Viale et al., 2015). Risk factors for obstetric
complications include seizures and ASMs; conversely, pregnancy may affect sei-
zure control and ASM metabolism. Specific risks during pregnancy include miscar-
riage, antepartum or postpartum hemorrhage, hypertensive disorders of pregnancy,
preterm labor and delivery, and fetal growth restriction (Kaplan et al., 2007). In a
report from the International League Against Epilepsy (ILAE) task force on women
and pregnancy, it is emphasized that the majority of WWE will have uneventful
pregnancies resulting in healthy children; however, a management approach balanc-
ing fetal and maternal risks associated with seizures and exposure to teratogenic
effects of certain ASMs is crucial (Tomson et al., 2019).

Considerations for Transgender Individuals

While the majority of this chapter has focused on cis-gender PWE, there are unique
considerations faced by transgender PWE. Findings from a study of Medicare ben-
eficiaries suggest that transgender people may be at a higher risk of epilepsy (10.5%
vs. 3.3%; Dragon et al., 2017). However, few studies have explored reasons for this
prevalence discrepancy or differences in the course or prognosis of epilepsy in
transgender vs. cis-gender PWE. It has been posited that considering elevated rates
of psychological comorbidities in PWE and elevated rates of depression in trans-
gender people, this group may be especially vulnerable to psychological disease
burden; however, this area is grossly understudied (Johnson & Kaplan, 2017).
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Much of the research that exists on transgender PWE is focused on the potential
interactions between ASMs and gender-affirming hormone therapy (GAHT) as well
as the influence of GAHT on seizure control. Such research suggests that GAHT
may have a direct influence on seizure control due to proconvulsant or anticonvul-
sant properties and further suggests that estrogen may influence the effectiveness of
ASMs, including reducing the serum concentration of lamotrigine (Waldman &
Benson, 2022). While such medication considerations generally fall outside the
scope of routine neuropsychological practice, neuropsychologists are poised in a
position to advance research on the cognitive, neurological, and psychological pre-
sentation of transgender PWE.

Research Takeaways

* Most epidemiological studies pool subjects with different epilepsy syndromes,
which can mask sex differences and contribute to inter-study inconsistencies/
variability. As is stated in Scharfman and MacLusky (2014, p. 16): “Studies are
likely to obtain different results unless experimental conditions are carefully
controlled, with attention to age, body weight, time of day, housing, diet, and the
type of seizure that is studied. Even if conditions are constant, biological vari-
ability will require large sample sizes to detect significant differences.”
Furthermore, in those studies focused on a specific epilepsy syndrome, TLE pre-
dominates. Other epilepsy syndromes warrant additional research.

* While there has been significant focus on the construct of memory, and particu-
larly memory in TLE, other cognitive domains warrant additional research. The
domains of language, visuospatial function, processing speed, attention, and
executive functioning are understudied in the literature and potential gender dif-
ferences in those domains are uncertain.

* While gender differences in depression, anxiety, and exposure to trauma are
becoming more well established, potential gender differences in additional psy-
chological disorders need further study. For example, there is little established
research on potential differences between men and women with epilepsy in rates
or symptoms of bipolar disorder or schizophrenia-spectrum disorders.

Clinical Takeaways

* Women with TLE have an advantage in verbal memory compared to men with TLE,
regardless of the level of hippocampal sclerosis. There is mixed evidence about
whether such advantages persist post-surgical intervention. Awareness of such gen-
der differences in cognition may (1) guide the use of cognitive measures and norma-
tive data sets to better capture nuances in performance during pre- and post-surgical
neuropsychological evaluations and (2) allow for greater accuracy in predicting treat-
ment outcomes and development of more individualized treatment plans.
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* Psychological factors may have a substantial influence on the neuropsychologi-
cal profile of women with epilepsy. WWE are at a higher risk for depressive and
anxiety disorders than men with epilepsy as well as than women in the general
population. Such factors should be considered in neuropsychological evaluations
at any stage of treatment of people with epilepsy, with a goal to reduce the impact
of psychological factors and promotion of quality of life.

* Gender-specific intervention for women with epilepsy is in its infancy and war-
rants further development. While much of the literature focuses on the influence
of ASMs on women of reproductive age, there is less of an emphasis on non-
pharmacological treatment of neurocognitive and psychological con-
cerns in WWE.
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Chapter 8 )
Cancer Check or

Rachael L. Ellison, Hannah B. VanLandingham, Joyce W. Tam,
Lauren Rynar, and Demy Alfonso

Introduction

Cancer is a leading cause of death and a major public health issue worldwide
(National Cancer Institute, 2024). Advances in treatment and early detection also
yield exponential growth in the increasing number of long-term cancer survivors
(Jemal et al., 2010; Santucci et al., 2020). However, there are known disparities in
incidence, prevalence, susceptibility to cancer, early detection and screening,
response to treatment, symptom profile, morbidity, mortality, and financial burden
across multiple variables including race, ethnicity, age, socioeconomic status, and
gender (Dorak & Karpuzoglu, 2012; Islami et al., 2020; NIH Cancer Disparities,
2024). Therefore, incorporating gender differences in cancer-related clinical trials,
considering gender differences in oncology-related clinical care as well as in dis-
seminated research, such as this chapter, is vital to optimizing outcomes (Rubin
et al., 2020; Unger et al., 2022).

This chapter will focus on differences between women and men across several of
these cancer-related measures, with an emphasis on gender differences in cognitive
sequelae of cancer and cancer treatment. At the same time, there are multiple etiolo-
gies for cognitive sequelae of cancer (Bender & Thelen, 2013), including via direct
(e.g., neural inflammation, neurotoxicity, tumor burden) and indirect (e.g., stress,
fatigue, mood) pathways (Andreotti et al., 2015; Lange et al., 2019; NCI
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Fig. 8.1 Direct and indirect etiologies of cognitive sequalae of cancer. (Note: Reproduced with
permission from Lange et al. [2019])

PDQ—Cognitive Impairment in Adults with Cancer), these pathways will not be
reviewed in detail. See Fig. 8.1 for an illustrative diagram of direct and indirect
etiologies of cognitive sequelae of cancer.

Rather, this chapter will focus on gender differences in cancer-related cognitive
impairment across non-central nervous system (CNS) cancers, CNS cancers, and
non-CNS cancers with brain metastases. Gender differences in base and prevalence
rates, diagnosis and prognosis, symptom presentation, and risk factors, as well as in
other clinical factors, will also be reviewed. Of note, the chapter is specific to adult-
onset cancer; though not reviewed in the present chapter, women with a history of
pediatric cancer may have enduring cognitive impacts.

Lastly, as we will again bring up in this chapter’s discussion, although there is
some data on differences in incidence rates for sexual and gender minority patients
(SGM; Jackson et al., 2023), there is little to no research and published data at this
time on cancer-related cognitive impairment in this group. Though we hope future
chapters will be able to speak to SGM patients, there unfortunately is currently not
enough data to include at this time to make generalizable claims.

Cancer Subtype Overview

Cancers can be categorized broadly into CNS cancer—those originating in the brain
or spinal cord—and non-CNS cancer, which develops in almost any other part of the
body, including the organs, muscles, and bones. Non-CNS cancer cells can also
spread from their original site to the brain, causing brain metastases. Each of the
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three categories of cancer—non-CNS, CNS, and non-CNS with brain metastases—
can lead to cognitive impairment due to the cancer or its treatments. For cancers that
can affect both women and men, incidence ratios are typically 1:1.5 to 1:3, indicat-
ing that women are less likely to develop cancer as well as have better treatment
outcomes (Sun et al., 2015). Gender differences are apparent across multiple
domains in cancer (Kim et al., 2018), and this chapter will offer a detailed review of
how women are differentially impacted in both CNS and non-CNS cancer in terms
of base and prevalence rates, diagnosis and prognosis, symptom presentation, and
associated risk factors, as well as in other clinical factors.

Cancer Treatment Overview

Across cancer types, multiple treatment modalities may be applied singularly or in
combination, causing a highly variable profile of side effects that impact function-
ing to varying degrees. Depending on the size and location of the cancer, surgery
may be performed before or after treatment or at multiple time points. Treatment(s)
may include radiation therapy, chemotherapy, immunotherapy, hormone therapy,
targeted therapies, and/or stem cell transplant for some cancers. Chemotherapy
delivered before surgery is referred to as neo-adjuvant, administered with the goal
of shrinking larger cancers to optimize the chances of successful surgery. Adjuvant
chemotherapy is administered after surgery, radiation, or other primary treatments
with the goal of eliminating any remaining cancer cells and reducing the risk of
recurrence. Long-term maintenance interventions, such as endocrine therapy after
primary cancer treatment, are another type of adjuvant treatment. In most cases,
treatment involves two or more modalities in combination to yield the most optimal
outcome. This is important to consider when trying to understand cognitive sequelae
of cancer, as different treatments can have positive and negative impacts on cogni-
tive functioning.

General Gender Differences Related to Cancer Treatment(s)

Women can be uniquely affected by treatment-related side effects across cancer
types. Notably, animal studies have begun to suggest taking sex into account when
designing radiation-based treatment protocols, given small but significant differ-
ences in radiation responses between sexes (De Courcy et al., 2020). In addition,
research highlights gender differences related to aspects of multiple treatment
modalities (Unger et al., 2022). For example, data indicate differences in radio-
therapy sensitivity across genders due to differences in inflammatory response,
polymorphism, and estrogen interaction, suggesting radiation protocols should be
adjusted by gender to maximize impact (De Courcy et al., 2020).

Across many chemotherapy protocols, there is robust evidence to suggest higher
rates of toxicity for women versus men. For example, the commonly used agents
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5-fluorouracil and cisplatin (Liaw, 2001) cause more prolonged and burdensome
symptoms for women, such as fatigue and leukopenia (Sloan et al., 2002). Women
may also metabolize certain chemotherapies differently than men, resulting in lon-
ger and less effective elimination (Joerger et al., 2006), as well as higher rates of
cardiac risk factors and abnormalities (Lipshultz et al., 1995). In addition, certain
chemotherapies can cause higher levels of neurotoxicity and cognitive dysfunction,
notably including those that are used to treat cancers predominantly affecting
women, such as cisplatin, doxorubicin, paclitaxel, and carboplatin (Park et al.,
2008; Taillibert et al., 2016).

Regarding treatment-related effects impacting cognitive outcomes (in a sample
of predominately women with breast cancer), chemotherapy-induced cognitive side
effects can include impairment in immediate free recall, delayed memory, verbal
memory, delayed recognition memory, selective attention, and attention capacity
(Dos Santos et al., 2020). For patients receiving immunotherapy, men appear to
have greater absolute benefit than women in progression-free survival (Klein &
Morgan, 2020); women also have increased hematologic, cardiovascular, and gas-
trointestinal adverse effects as compared to men.

Hormone therapy is commonly prescribed to reduce the likelihood of growth of
hormone-sensitive cancers (e.g., estrogen-positive breast cancer) and is associated
with many side effects, including hot flashes, fatigue, and mood lability (Pan et al.,
2018). These side effects can be chronic, can negatively affect functioning, and have
the potential to interact differently with women versus men across time due to natu-
ral hormonal changes (e.g., menopause; Flores et al., 2021). Both forms of hormone
therapy—selective estrogen receptor modulators (e.g., tamoxifen) and aromatase
inhibitors (e.g., anastrozole, exemestane)—are associated with small negative
effects in cognitive functioning, including verbal memory, verbal attention, and
working memory; though, significant methodological heterogeneity limits the
meaningfulness of results (Bakoyiannis et al., 2015).

Overall, treatment-related factors interact with cancer type to yield specific
symptom profiles that significantly interfere with the quality of life of impacted
women. In this chapter we review gender differences in prevalence, risk factors,
symptom presentation, and cognitive profiles, as well as psychosocial consider-
ations across non-CNS and CNS cancers (Table 8.1).

Non-CNS Cancer

As previously noted, cancers can be categorized into cancers that originate outside
of the central nervous system (non-CNS cancers), those that originate within the
CNS, and non-CNS cancers that metastasize into the brain. We will first focus spe-
cifically on non-CNS system cancers, including gender differences in prevalence
and prognosis, unique risk factors for women that impact rates of developing these
types of cancers, and lastly, differences in cognitive symptom presentation for
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Table 8.1 Gender differences related to cancer treatment

Outcome Type Differences Between Women vs. Men in Effects

Toxicity — Higher rates in women vs. men

— 5-fluorouracil and cisplatin cause more prolonged and burdensome
symptoms for women, such as fatigue and leukopenia

— Differences in chemotherapy metabolism; longer and less effective
elimination; resulting in higher rates of cardiac risk factors/
abnormalities

— Cisplatin, doxorubicin, paclitaxel, and carboplatin, chemotherapies
used to treat cancer primarily in women, can cause higher levels of
toxicity/cognitive dysfunction

Cognitive Outcomes — Chemotherapy-induced cognitive side effects can include
impairment in immediate free recall, delayed memory, verbal
memory, delayed recognition memory, selective attention, and
attention capacity

Hormone-Related — Many chronic side effects, including hot flashes, fatigue, and mood
Treatment Outcomes lability
— Potential to interact differently with women versus men across
time due to natural hormonal changes (e.g., menopause)

women. We will follow the same format for CNS cancers and then for CNS metas-
tasizing cancers.

Gender Differences in Prevalence and Prognosis
Jor Non-CNS Cancers

Overall, certain cancer types have higher prevalence rates for women (Jackson
et al., 2022). Within non-CNS cancers in particular, breast cancer is more likely to
occur in women than men (Cook et al., 2009). In a study using gender-specific inci-
dence rates and women-to-men incidence rate ratios (IRR), five cancer types
emerged as having a higher incidence in women compared to men (Cook et al.,
2009). These five cancer types are breast, peritoneum, omentum, mesentery, thy-
roid, gallbladder, and anus, anal canal, and anorectum (Cook et al., 2009). Notably,
gynecological cancers (e.g., ovarian, uterine corpus, cervical, and endometrial)
appear only in individuals born with primary female sex characteristics and addi-
tionally are shown to have high mortality rates (Dorak & Karpuzoglu, 2012; Kim
et al., 2018).

Despite the overall prevalence rates not varying by race/ethnicity, women from
racial or ethnic minority groups tend to be diagnosed in later disease states (Palmer
Kelly et al., 2021). This finding is important as well as concerning because mortality
rates are higher for women from multiple minority status groups despite having no
difference in overall prevalence rates (Palmer Kelly et al., 2021).
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Increased Risk Factors for Cognitive Sequelae in Women
with Non-CNS Cancers

The broad picture of cognitive status during and following cancer treatment is com-
plex and nuanced outside of gender differences. Adding to this complexity, there are
several documented gender differences that can increase their risk in women for
cognitive changes through direct and indirect means. That is, women may experi-
ence more frequent and severe symptoms despite undergoing the same treatment
protocol as a male counterpart.

The Role of Hormone Therapy

In general, hormone-driven non-CNS cancer types are frequently treated with adju-
vant hormone therapy during and after other types of intervention (Bao & Davidson,
2003; De Vos et al., 2012; Emons & Heyl, 2000). Hormone-sensitive cancer types
are commonly treated with hormone therapies that influence the growth of hormone-
sensitive cancers (e.g., estrogen receptor-positive breast cancer; Pan et al., 2018).
The use of hormone therapies can induce significant side effects, including, but not
limited to, fatigue, mood changes, and hot flashes (Pan et al., 2018). Such side
effects can also further impact sleep quality.

Across the literature, hormone therapies for the treatment of cancer in women
have a significant influence on cognitive symptoms and outcomes, and the influence
of hormone therapy on women‘s health is widely documented. Though this signifi-
cant impact is well documented, the nuances of the influence of hormone therapy on
women’s unique hormonal presentation are not well understood. For example, there
is a need for more research to explicitly focus on the impact of menopause on cancer
treatment (specifically hormone therapy) and related outcomes (VanLandingham
et al., 2024).

The Role of Chemotherapy

There are documented gender differences in the metabolism of certain chemothera-
pies that are commonly used to treat non-CNS cancer types that are prevalent in
women (Liaw, 2001; Sloan et al., 2002). Certain chemotherapies may cause higher
levels of toxicity in women compared to men (e.g., S-fluorouracil, cisplatin; Liaw,
2001; Sloan et al., 2002). Furthermore, elimination rates of chemotherapies are less
effective and longer for women when compared to men for certain chemotherapies,
which extend the length of time that women are exposed to toxins (e.g., paclitaxel;
Joerger et al., 2006). Many chemotherapies used to treat cancers that disproportion-
ately impact women, such as cisplatin, doxorubicin, paclitaxel, and carboplatin,
have shown higher levels of neurotoxicity, meaning they can bypass the blood-brain
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barrier (Park et al., 2008; Taillibert et al., 2016). Sex differences in the metabolism
of certain chemotherapies for women may lead to higher rates of cardiac abnormali-
ties, resulting in ongoing cardiovascular risk factors (use of doxorubicin; Lipshultz
et al., 1995).

Gender Differences in Cognitive Symptom Presentation
Jor Non-CNS Cancers

Cancer and its treatments can have direct impacts on cognitive functioning, such as
neural inflammation and neurotoxicity, as well as indirect impacts like stress,
fatigue, and mood (Andreotti et al., 2015). Symptom presentation, both cognitive
and physical, can also vary for women with cancer. Moreover, these differences can
be further impacted by the onset of cancer and its treatment. For example, women
are more likely to experience worse neurocognitive outcomes compared to men if
they are pediatric survivors of non-CNS cancer (Kadan-Lottick et al., 2010). A
review of adolescent and young adult cancer survivors documents a consistently
high prevalence of cancer-related cognitive impairments, with female gender as a
risk factor, in addition to higher doses of chemotherapy as well as several other
comorbidities (e.g., fatigue, mental status, medical conditions [diabetes, asthmal;
Vizer et al., 2022). However, before addressing specific risk factors for women in
detail, a broad overview of the impact of non-CNS cancer and its treatment on cog-
nitive functioning will be provided.

Findings from Neuroimaging

To understand the etiology of cognitive concerns for women undergoing cancer
treatment, neural alterations must be included. A non-systematic review of neuro-
imaging studies of adult patients with non-CNS cancers found consistent evidence
of reduced gray matter volume/density and reduced white matter integrity; findings
were stronger in patients treated with chemotherapy (McDonald, 2021). Though
many of the studies discussed had samples exclusively comprised of women with
higher rates of breast cancer, no gender-related data or analyses were reported from
studies reviewed. Research also documented alterations in white and gray matter
structural network connectivity (McDonald, 2021). Overall, structural abnormali-
ties were predominately located in frontal and temporal regions and associated with
objective and subjective cognitive impairment (McDonald, 2021). These findings
were consistently reported across a second, similar review, which highlights that
structural abnormalities were greatest when patients with cancer who received treat-
ment were compared to healthy controls, versus other patients with cancer (Amidi
& Wu, 2019).
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Domains of Cognitive Symptoms

A review of non-CNS patients across genders with cancer from 2004 to 2019 found
frequent, mild-to-moderate cognitive dysfunction with a significant impact on qual-
ity of life (Cerulla Torrente et al., 2020). Though not gender-specific, the most
reported cognitive symptoms for non-CNS cancer types include difficulties with
working memory, attention, executive functioning, and information processing
speed (Cerulla Torrente et al., 2020). Specific cognitive domains and the extent of
reported impairment were variable, given mediating factors related to cancer, treat-
ment, lifestyle, and health-related moderating factors (Cerulla Torrente et al., 2020).

Regarding cognitive symptoms in women specifically, women with breast cancer
who have undergone chemotherapy, especially when in combination with adjuvant
therapies, self-report significant subjective impact in the domains of attention, exec-
utive functioning, and memory; however, with mixed corroboration on objective
testing results (i.e., in one study only a small subset with objective deficits overall
and no differences between breast cancer survivors and healthy controls; Von Ah
et al., 2022). Other studies document mixed objective impairment, when found, for
verbal and visual memory impairment, attentional deficits, and broad executive
functioning difficulties (Deprez et al., 2012; Ganz et al., 2013; Hsu et al., 2021;
Jansen et al., 2011; Kjoe et al., 2023; Koppelmans et al., 2012; Kesler et al., 2013;
Lange et al., 2023; Lejbak et al., 2010; Palmer et al., 2008; Reid-Arndt et al., 2010;
Stewart et al., 2006; Tager et al., 2010; Van Dyk et al., 2018; Wefel et al., 2011; Yao
et al., 2016).

Emergent literature documents gender differences in cognitive outcomes from
both hormone therapies and chemotherapy reactions. Specifically, Chen and col-
leagues (2014, 2017) identified specific deficits in objective memory, information
processing, and decision-making skills associated with Tamoxifen use, a selective
estrogen receptor modulator used in breast cancer treatment, even without chemo-
therapy. Supporting the significant impact of hormone-targeting therapies, four
additional studies (Deprez et al., 2012; Ganz et al., 2013; Hsu et al., 2021; Kjoe
et al., 2023) corroborate these findings. Yin and colleagues (2023) also found that
longer durations of endocrine therapies predicted greater cognitive impairment in
women. However, the treatment status (e.g., current or post-endocrine therapy) was
not reported. Conversely, Jenkins et al. (2008) found no cognitive impact in women
experiencing natural menopause who were taking anastrozole, a nonsteroidal aro-
matase inhibitor that decreases estrogen in the body.

Overall, longitudinal outcomes appear to be reassuring, with women treated for
breast cancer showing an objective recovery for processing speed and verbal mem-
ory 3—4 years post-treatment (Billiet et al., 2018). Moreover, in another study,
women who received endocrine therapy within the first year of treatment did not
display advanced cognitive changes compared to those who did not receive endo-
crine therapy (Van Dyk et al., 2019) (Table 8.2).
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Table 8.2 Domains of cognitive symptoms in women with non-CNS cancer

Etiology of Cognitive

Impairment Cognitive Domain
Hormone therapies — Longer durations of endocrine therapies predict greater cognitive
Tamoxifen impairment

— Deficits in objective memory, information processing, and

decision-making skills
Chemotherapies — Deficits, especially when in combination with adjuvant therapies

— Self-report significant subjective impact in the domains of
attention, executive functioning, and memory; however, with
mixed corroboration on objective testing results

— Mixed objective impairment, when found, for verbal and visual
memory impairment, attentional deficits, and broad executive
functioning difficulties

Cognitive Symptoms in Women with Gynecological Cancer

In general, women with gynecological cancer types are less frequently researched
compared to women with primary breast cancer types, which impacts our ability to
make generalizations about cognitive sequelae. Most research within gynecological
cancer populations focuses on subjective cognitive status with less information on
objectively assessed cognitive abilities.

Subjective cognitive complaints are common across gynecological cancer types,
treatment protocols, and staging (Areklett et al., 2021; Correa et al., 2010; Correa
et al., 2017; DeRosa et al., 2021; Stavraka et al., 2012). Regarding objective find-
ings, there is evidence that women who undergo radiation and chemotherapy, as
opposed to surgery alone, demonstrate higher rates of cognitive impairment
(Areklett et al., 2021). In addition, about a fourth of women with a primary gyneco-
logical cancer self-report a progressive worsening of their cognitive abilities six
months after the end of treatment, regardless of their treatment protocol (De Rosa
et al., 2021); however, this is not consistent for most patients. Specifically, in a study
by Correa and colleagues (2010), 28% of a sample of women with epithelial cancer
displayed objective cognitive impairment in at least one domain of functioning
5-10 years post-treatment, with no group differences related to recurrence rates.
Conversely, in a later study, they found that only a subgroup of patients (22%) pro-
duced test performance scores at or below one standard deviation of normative
expectation with no difference when compared to healthy controls (Correa
et al., 2017).

Health-Related Moderating Factors

Considering health-related moderating factors, a 2021 systematic review outlines
the role of sleep as a part of the complicated etiology of cognitive concerns in
women with non-CNS cancer (Duivon et al., 2022). Cancer type and treatment
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protocol, along with patient characteristics (e.g., medical comorbidities, age, and
sex), can produce variations in such side effects, including whether the side effects
are brief or become chronic (DeSantis et al., 2014). Chronic pain may also be
important to consider when relevant.

CNS Primary Cancers

CNS tumors originate from the brain or spinal cord. For the purpose of this chapter,
the review focuses on brain tumors, as spinal cord tumors are less common and
published studies related to spinal cord tumors and cognitive sequelae are fewer. A
primary brain tumor is a tumor that develops in the brain or in the nerves and tissues
of the brain. This type of tumor can be either malignant or non-cancerous. Common
brain tumors in adulthood include meningiomas, astrocytomas, oligodendroglio-
mas, and glioblastomas.

Gender Differences in Prevalence & Prognosis for CNS
Primary Cancers

Prevalence rates of primary brain tumors have significantly increased in the past
couple of decades, suggested to be due to technological advancements for the iden-
tification, diagnosis, and treatment of cancer (Gehrke et al., 2013). Research has
consistently shown gender differences in the prevalence and outcomes (including
progression and mortality) of brain tumors (Sun et al., 2015).

Although this chapter will not focus on pediatric populations, patients with pedi-
atric onset cancers are important to consider when trying to understand primary
brain tumors, given primary brain tumors are the most common tumors in children
and, as such, they are widely studied. Pediatric medulloblastomas, ependymomas,
and high-grade gliomas (Bosma et al., 2007) also typically occur less often in girls
than boys, with a general incidence ratio of 1:2, which suggests there are specific
mechanisms of tumor development influenced by gender that are prevalent even
when sex hormones are at their lowest (infancy and toddlerhood; Sun et al., 2015).
Specifically, Olsson et al. (2014) found that in pediatric brain tumor populations,
girls typically presented with smaller brain tumors and decreased intracranial pres-
sure when compared to boys, presumably due to smaller head circumferences.

Glioblastomas are well-documented as the most common malignant primary
brain tumor in adulthood; it is also known to have the worst outcomes. In a system-
atic review on glioblastomas, women exhibited a lower incidence rate and better
outcomes when compared with men; it is suggested that estrogen plays a protective
role while androgen and testosterone play a pathological role in the development
and effects of glioblastomas (Carrano et al., 2021). Another study showed gender
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differences in the survival rate of primary brain tumors, such that women have a
significantly high survival rate at the 5-year mark across age groups and different
cancer stages for glioblastomas (Tian et al., 2018).

On the other hand, meningiomas occur at significantly higher rates in women
(more than twice as often) when compared to men; however, meningiomas tend to
be low grade in women and malignant in men. Meningiomas appear to be related to
hormones like estrogen and progesterone, making them uncommon in prepubescent
ages. Alternatively, they are more likely to become aggressive if a woman is preg-
nant (Sun et al., 2015).

Gender Differences in Cognitive Symptom Presentation for CNS
Primary Cancers

Cognitive symptom presentation may vary greatly depending on the tumor type,
size, location, lateralization, and pathology. However, there are few studies looking
at these differences outside of the context of treatment and intervention, so it is dif-
ficult to determine whether cognitive deficits are attributed to the tumor versus the
potential side effects of treatment.

Cognitive Symptoms by CNS Primary Cancer

Patients with meningiomas typically present with cognitive deficits not specific to
the meningioma itself (e.g., memory, attention, executive function) at the time of
diagnosis, and although these symptoms significantly improve postoperatively,
patients tend to still have cognitive impairments when compared to healthy controls
(Meskal et al., 2016). Similarly, a study conducted in Romania showed that patients
with glioblastomas had significantly more cognitive deficits (though as measured by
cognitive screeners, i.e., the MoCA and CAMCOG, so specific cognitive domains
were not adequately assessed) when compared to patients with diffuse astrocyto-
mas; however, there were no significant cognitive differences between patients with
meningioma versus diffuse astrocytomas (Bondari et al., 2017).

Cognitive Symptoms Associated with Treatment for CNS Primary Cancer

The most common forms of intervention for primary brain tumors and their most
prominent side effects include biopsy, surgical resection, chemotherapy, radiation
therapy, and antiseizure medications. It has long been thought that radiation was the
leading cause of cognitive deficits in patients with brain tumors; however, studies
have shown that the tumor itself contributes to cognitive deficits. For example,
patients with diffuse tumors may have more global cognitive impairments as
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compared to those with a site-specific tumor, leading to localized deficits (Taphoorn
& Klein, 2004). Other types of treatments (e.g., surgery, chemotherapy, and antisei-
zure medications) can also contribute to cognitive impairments.

A systematic review investigating neurocognitive functioning in post-treatment
survivors of primary brain tumors (almost all were gliomas) as compared to a non-
cancer control group was conducted; of note, though many samples were matched
by gender, gender-related differences in cognitive impairment were not reported
(Gehrke et al., 2013). Treatments in the four included studies (Bosma et al., 2008;
Davidson et al., 2008; Godbout et al., 2005; Klein et al., 2002) included chemo-
therapy, radiation, antiseizure medications, and surgical intervention (e.g., biopsy,
resection). Patients across studies were 6 to 36 post-intervention. Patients in the
brain tumor survivor group presented with cognitive impairments in “working
memory, cognitive control and flexibility, cognitive processing speed, visual search-
ing, planning and foresight, and general attention” when compared to the non-
cancer control group while matched via sex, age, and education (Gehrke et al.,
2013). There was mixed evidence concerning performance on tests of executive
function, motor speed, and learning and memory between groups. Unfortunately,
however, because of the limited number of studies included in the review, small
sample sizes, and lack of specificity on intervention types for patients, Gehrke et al.
(2013) were unable to delineate differences on neurocognitive deficits between
types of treatment. The following sections will provide specific cognitive findings
for different intervention methods.

Cognitive Sequelae Related to Surgical Interventions for CNS
Primary Cancers

Surgical interventions are often used for biopsy and resection of tumors, as well as
for resection of neuroanatomical structures that produce intractable epileptic sei-
zures (i.e., typically the tumor site). Preliminary studies demonstrate cognitive dys-
function across several tumor types (e.g., malignant gliomas, meningiomas,
low-grade gliomas), with dominant hemisphere tumors placing patients at higher
risk for cognitive dysfunction prior to surgery and those with non-dominant tumors
more likely to recover cognitive functioning after surgery (Yoshii et al., 2008). Deep
tumors (e.g., pituitary and pineal) have been particularly implicated in simple audi-
tory attention tasks (i.e., Digits Forward; Goldstein et al., 2003), and high-grade
gliomas have been associated with a decline in processing speed/efficiency and
attention (Klein et al., 2012). Information on gender differences in cognitive func-
tioning prior to or post-surgical intervention in these tumor populations is lacking,
given that none of the aforementioned studies examined gender differences. It has
been suggested that women may experience lower quality of life than men across
timepoints (e.g., prior to surgery and post-operatively at 3 months and 1 year;
Mainio et al., 20006).
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Cognitive Sequelae Related to Cranial Radiation for CNS Cancers

Cranial radiation is a common treatment used to treat primary and metastatic brain
tumors. One of the most researched negative treatment outcomes of cranial radia-
tion is encephalopathy, or significant dysfunction in cognition, behavior, and mood
(Crossen et al., 1994). It is imperative that treatment planning is individualized and
sensitive to personal factors in order to prevent neurotoxicity; however, even with
the appropriate dose for effective radiation, there is still a risk for negative cognitive
outcomes (Dropcho, 1991). Related negative outcomes can include asymptomatic
focal edema, focal necrosis, periventricular disease, necrotizing leukoencephalopa-
thy, vascular disease, large artery injury, cerebral atrophy, and mineralizing micro-
angiopathy (Abayomi, 2002; Valk & Dillon, 1991). Crossen et al.” (1994) review
found that 213 out of 748 patients that received therapeutic cranial irradiation and
100 out of 368 patients that received prophylactic cranial irradiation developed
encephalopathy; however, it was difficult to delineate distinct differences in out-
comes as most patients had also received chemotherapy. Notably, brain radiation
side effects that developed within months were likely to be transient and reversible,
while delayed-onset symptoms (i.e., onset after 6 months of radiation) were thought
to be irreversible and progressive (Turnquist et al., 2020).

With regard to diffuse infiltrative gliomas, as previously noted, a rare type of
low-grade tumor only accounting for 5% of all primary brain tumors and 15% of all
gliomas, there is evidence of cognitive deficits in patients who received radiation in
all neurocognitive domains when compared to patients who did not receive radia-
tion (Klein et al., 2012).

With regard to gender differences, research is limited and often specific to pedi-
atric samples. For example, Willard et al. (2009) found that female survivors of
pediatric brain tumors who did not receive cranial radiation therapy performed bet-
ter and with fewer errors on facial expression recognition tasks when compared to
female survivors who did receive radiation and male survivors who did and did not
receive radiation. Although not specifically cranial radiation, in a study examining
differences between women and men occupationally and accidentally exposed to
ionizing radiation, women were more likely to have higher long-term radiosensitiv-
ity when compared to males receiving similar levels of ionizing radiation, and they
were more likely to suffer and die from cancer caused by these forms of radiation
(Narendran et al., 2019).

Cognitive Sequelae Related to Antiseizure Medications for CNS Cancers

As brain tumors and surgical interventions frequently cause seizures, patients are
often treated with antiseizure medications. It is well-known that some antiseizure
medications (ASMs) affect cognitive functioning, including attention, working
memory, fluency, motor speed, language and comprehension, visuospatial func-
tions, and memory (Eddy et al., 2011). Few studies showed potential beneficial
effects of ASMs on certain aspects of cognition, including fluency and processing
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speed; however, it is difficult to determine whether these positive changes were
merely the result of decreased seizure frequency and severity (Eddy et al., 2011).
Other studies note that some ASMs have an overall limited impact on cognitive
functioning in select populations (e.g., valproate, carbamazepine, and phenytoin
with children); however, overall that is likely the most important factor impacting
cognition with relation to ASMs is becoming seizure-free (Aldenkamp et al., 1993;
Hirsch et al., 2003). For a full overview of gender-related considerations in the use
of ASMs, please see Chap. 7 (Epilepsy).

Non-CNS Cancer + CNS Metastases

Information described above for non-CNS cancer and primary brain tumor also
apply to individuals with non-CNS cancer that metastasized to the brain. The sec-
tion below highlights the information specific to individuals with brain metastasis
(BM), also known as secondary brain tumor.

Gender Differences in Prevalence and Incidence for Non-CNS
Cancer + CNS Metastases

In 2018, over 600,000 individuals in the United States were living with metastatic
cancer of the breast, prostate, lung, colorectal, bladder, and skin (melanoma), which
are common causes of BM (Gallicchio et al., 2022). Despite metastatic brain tumors
being the most common type of CNS tumor, there is no national systematic report-
ing mechanism (Sacks & Rahman, 2020). It is estimated that metastatic brain
tumors affect about 20% of patients with cancer (Achrol et al., 2019). Estimated
incidence of brain metastases in the United States ranged from 30,000 to 200,000
(e.g., Amsbaugh & Kim, 2023; Barnholtz-Sloan et al., 2004; Nathoo et al., 2004;
Nayak et al., 2012). The number of individuals with metastatic brain tumors is
expected to increase given improved treatment outcomes and earlier diagnosis with
more sensitive neuroimaging tools.

BMs are often diagnosed following the diagnosis of primary cancer. Synchronous
BM is defined as having BM within two months of the primary cancer diagnosis.
Metachronous BM indicates when BM develops more than 2 months following the
primary cancer diagnosis. Precocious BM is when BM is identified prior to the
diagnosis of primary cancer (Shibahara et al., 2018). While data from synchronous
BM are most frequently reported in the literature, a recent study showed that indi-
viduals with metachronous BM had longer survival than synchronous BM (Jiang
et al., 2023). Similar differences in prevalence rates by gender are seen in adults
with BM as in other CNS cancers, where women have lower incidence rates than
men in almost all cancer types (Sun et al., 2015). However, data is mixed, as a recent
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study indicated middle-aged women have been found to be at a higher risk of BM
but better survival in a study that only included individuals with synchronous BM
(Che et al., 2022).

Gender Differences in Prognosis for Non-CNS Cancer +
CNS Metastases

Long-term prognosis of BM is poor (Hall et al., 2000); however, there appear to be
gender differences in prognosis. The mean survival time in individuals with BM
who underwent surgery as the first treatment was significantly longer for women
(19.2 months) than men (12.9 months, p = 0.008), with gender being the only sig-
nificant variable affecting survival when also considering age, histological type,
location, functional status (i.e., Karnofsky score), chemotherapy, and radiotherapy
(Rotta et al., 2018). This was further supported in a study of 127 Turkish breast
cancer patients with BM; the median age of BM occurrence was 50.9, with a median
time of 29.7 months between breast cancer diagnosis to BM and a median survival
time of 7.9 months following BM (Simsek et al., 2022). Prognosis was found to be
significantly more favorable in younger women (i.e., less than 40 years old) than for
those who were older (i.e., > 40 years old) as well as for those whose breast cancer
first metastasized to the brain when compared to those who had brain metastases
later (Mustillo et al., 2020).

While lung cancer BM is most common in men, breast cancer BM is most com-
mon in women (Achrol et al., 2019; Lin et al., 2004). It is estimated that roughly
20% of BMs occur in women with primary HER2-positive breast cancer (Lin &
Winer, 2007). In fact, CNS involvement was identified in the majority of patients
with HER-2 positive metastatic breast cancer in the first 3 years following meta-
static breast cancer (Bendell et al., 2003). The mean survival from the diagnosis of
BM was 13 months. A targeted treatment, adding tucatinib to the standard treatment
of trastuzumab and capecitabine, has been approved for treatment of HER-2-based
breast cancer BM and was shown to improve median overall survival to 21.9 months
(Murthy et al., 2020). Those with triple-negative breast cancer tumors (i.e., estrogen
receptor—negative, progesterone receptor—negative, and normal HER-2 levels)
have an increased risk of BM (Achrol et al., 2019). Triple-negative breast cancer
BM are likely to have a more cystic and necrotic appearance on MRI than other
types (Yeh et al., 2015). In comparison to those with moderately abundant necrosis,
individuals with highly abundant and sparse necrosis have been shown to be associ-
ated with poorer prognosis (Yoo et al., 2022).

While BM is rare in individuals with primary gynecological cancer, the outcome
is notably poor. For example, Takeshita et al. (2017) reported the incidence of brain
metastasis in a sample of over 2800 patients was 1.7%, and the median survival rate
following diagnosis of metastasis was 20 weeks. In a sample of 42 patients with
primary gynecological cancer with neuroimaging-confirmed brain metastasis, the
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interval between the time of primary cancer diagnosis and metastatic CNS diagno-
sis ranged from O to 107.8 months (median age of BM diagnosis = 33; Zhang et al.,
2019). The median age of diagnosis of BM due to gestational trophoblastic disease
was youngest (Zhang et al., 2019), although it has been reported that BM develops
earlier in patients with endometrial cancer than in those with ovarian cancer in a
study thatincluded only these two types of primary gynecological cancer (Karpathiou
et al., 2022).

When evaluating different CNS involvements, meningeal involvement was sig-
nificantly higher in individuals with cervical cancer; otherwise, there were no sig-
nificant differences in brain region involvement across different types of
gynecological cancers (Zhang et al., 2019). In the same study, BM was most identi-
fied in the frontal lobe, with the majority of patients in the sample having multiple
brain lesions. Notably, due to low base rates of BM in primary gynecological can-
cers, patients are not routinely screened for BM.

Gender Differences in Cognitive Symptoms for Non-CNS
Cancer + CNS Metastases

Whole brain radiation therapy (WBRT) and stereotactic radiosurgery (SRS) can be
used for treatment of BM. While these techniques decrease the risk for BM recur-
rence, WBRT alone or combined with SRS has been shown to be associated with
increased cognitive decline (see Liu et al., 2019 for a review). Hippocampal-sparing
WBRT with the use of memantine for individuals without hippocampal BM has the
potential as an alternative option to preserve cognitive abilities than WBRT (Brown
et al., 2020). Late effects of whole brain radiation are more chronic and permanent.
Less is known regarding potential gender differences in treatment outcome or asso-
ciated cognitive decline.

It is not uncommon for individuals with BM to experience a significant number
of symptoms that can be due to cancer and its related treatments. In a heterogeneous
group of patients with BM, the four highest scored symptoms were fatigue, poor
sense of well-being, anxiety, and drowsiness and poor appetite (Chow et al., 2008),
with fatigue, nausea, appetite loss, coordination, concentration, balance, and depres-
sion found to be significantly associated with shorter prognosis (Wong et al., 2016).
While there have been no reported gender differences in the reporting of symptoms
at baseline, women reported worsening of symptoms following whole brain radia-
tion (Harris et al., 2006).

Cognitive functioning can vary in individuals with BM depending on the brain
region(s) involved, the characteristics of the metastatic brain tumors, the effects of
cancer-related treatment, and psychosocial factors. There is evidence that BM dis-
tribution differs by primary cancer type (Schroeder et al., 2020). In a study of indi-
viduals with newly diagnosed BM, many of the participants had cognitive
impairments at baseline, with primarily retrieval-based memory difficulties
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(Gerstenecker et al., 2014). Individuals with BM were also found to perform poorer
than healthy controls on measures of attention, verbal fluency, and executive func-
tioning. Slow processing speed was only found in about 15% of the individuals with
BM (Schatz et al., 2000). To our knowledge, potential gender differences in cogni-
tive performance have not been reported.

Psychosocial Factors and Quality of Life for Women Impacted
by Cancer Diagnoses

VanLandingham et al. (2024) eloquently summarize the complicated web of inter-
secting psychosocial factors that affect outcomes for women affected by cancer, in
that “women may experience unique challenges related to self-identity, fertility,
psychosocial stress, and alterations in hormone levels (e.g., forced menopause,
irregular menstruation)” (p. 15). These intersecting psychosocial factors all can
intersect and compound to impact women’s quality of life (Benedict et al., 2018).
Giving higher rates of varying familial-related roles (e.g., primary caregiver and
caregiver of elderly parents), women may also experience compounding stress
related to the management of continuous social responsibilities.

Notably, these aforementioned factors are not static and can interact differently
at different strengths across time. Regarding time out from treatment, research doc-
uments a significant cumulative impact from cancer treatment and psychosocial
stressors that persists following active treatment phases. Specifically, women report
greater emotional distress in the 2-5 years after treatment when compared to the
first 1-2 years after treatment (Holzner et al., 2001). This highlights the importance
of following women in long-term recovery clinics even after remission to monitor
and support mental health and overall quality of life.

Limitations to Understanding Cognitive Sequelae in Women
with Cancer

When trying to understand cognitive sequelae of various cancer types for women,
there is significant heterogeneity in cancer type, treatment time, inclusion/exclusion
criteria of studies, cognitive outcomes assessed, and cognitive assessments utilized.
Heterogeneity in treatment protocols and individual differences makes predicting
outcomes challenging, but there is also evidence that specific treatments add an
additional burden for women’s cognitive status. Compounding the issue, there is
notable variability in when patients are assessed (e.g., how long post-surgery/treat-
ment vs. when we may expect stabilization of cognitive symptoms) that makes it
increasingly difficult to generalize results between studies (e.g., in Bondari et al.
(2017), it is unclear when the assessments even took place). In addition, the dearth
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of large-scale and longitudinal studies limits our understanding of cognitive sequelae
for women, especially as outcomes may be variable over time (e.g., more acute
post-treatment, later interacting with hormonal factors depending on women’s
life stage).

Limitations to Understanding Cognitive Sequelae in Women
with CNS Cancer

There are increasing difficulties in trying to understand cognitive sequelae specifi-
cally of CNS cancer for women. Across this specific area of research, sample sizes
are very small, especially in cognitive outcomes post-brain tumor with treatment
(Gehrke et al., 2013). For example, the neurocognitive deficits in the brain tumor
post-treatment review described that given strict search criteria, as well as variations
in chemotherapy dose, radiation dose, and use and dose of anti-seizure medication
across studies, it is hard to draw consistent conclusions—and only four studies were
included in this review ultimately (Gehrke et al., 2013). In addition, of the few stud-
ies that do exist, not all break down analysis by gender; rather, they focus on differ-
ences in tumor type among CNS cancers (e.g., Bondari et al., 2017), making it
increasingly difficult to understand potential gender differences.

Research Takeaways

e Women can be uniquely affected by treatment-related side effects across can-
cer types.

e In non-CNS cancers, women may experience more frequent and severe symp-
toms (including cognitive sequelae) despite undergoing the same treatment pro-
tocol as a male counterpart.

* Research has consistently shown gender differences in the prevalence and out-
comes (including progression and mortality) of brain tumors (Sun et al., 2015).

e Long-term prognosis of brain metastasis is poor (Hall et al., 2000); however,
there appear to be gender differences in prognosis, with more favorable out-
comes for women compared to men. Less is known regarding potential gender
differences in treatment outcome or associated cognitive decline.

e There are major limitations within the overall cancer research that impact both
the reliability and generalizability of these findings (Jansen et al., 2007).

e Though there is a general bias in cancer-related research towards breast cancer,
across cancer types, gender differences are under-reported or under-studied
(Klein & Morgan, 2020).

* Within cancers that impact women at higher prevalence rates, the focus on breast
cancer creates a major limitation in our understanding of gynecological cancer
outcomes.
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Small sample sizes in CNS cancer studies in women (i.e., brain tumor studies)
also limit our conceptualization of cognitive outcomes in this population.
Compounding this issue, recruitment of women (as well as sexual and gender
minority patients) in clinical trials is not equitable across cancer types, with
some cancer types documenting lower recruitment rates, particularly of women
(Duma et al., 2018).

Even when women are adequately recruited into clinical trials and research,
there is a notable dearth of research for women diagnosed with stage IV (i.e.,
terminal) variants of cancer (VanLandingham et al., 2024).

Heterogeneity in patient populations and study designs limits the generalizability
of results. Future studies should address these problems, including significant
heterogeneity in cancer type, treatment time, inclusion/exclusion criteria of stud-
ies, cognitive outcomes assessed, cognitive assessments utilized, and timing of
cognitive assessments in study designs.

Neuropsychologists remain uniquely positioned to help in the design of clinical
trials to advocate for improvements in study designs assessing cognitive out-
comes. Such trials can address underrepresentation issues, including underrepre-
sentation of racial/ethnic minority women, unequal samples of women with
stage I'V cancer types, and small sample sizes of women with CNS cancer.
There is insufficient research on the cognitive outcomes of women diagnosed
with gynecological cancers, which warrants further exploration.

Across cancer types, more research is needed that explicitly focuses on the
impact of menopause among women (VanLandingham et al., 2024).

There is a lack of research on gender non-binary individuals in cancer research,
including more specifically the exploration of the potential impact of hormonal
therapies for gender transition when in close temporal proximity to hormonal
treatments for cancer.

Clinical Takeaways

Clinicians need to be aware of the “unique challenges these patients may face
related to self-identity, fertility, psychosocial stress, and alterations in hormone
levels (e.g., forced menopause, irregular menstruation)” (p. 15, VanLandingham
et al., 2024), all of which have the potential to impact their quality of life
(Benedict et al., 2018). At the same time, these variables should be considered on
an individual basis, as patient concern about fertility or caregiving will differ
between women.

Given the potential of cumulative impact from cancer treatment and psychoso-
cial stress that may persist following active treatment phases, women are increas-
ingly important to follow in long-term recovery clinics even after remission, to
monitor and support both mental health as well as overall quality of life (see
Hines et al., 2014).
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* In addition to the documented potential benefits of psychosocial interventions
for this population, outpatient cognitive rehabilitation shows strong evidence for
addressing patients’ cognitive concerns post-acute cancer treatments (see Zeng
et al., 2016 for a meta-analysis).
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Chapter 9 )
Autoimmune Disorders Check or

Erin Logue and Robin C. Hilsabeck

Introduction

Autoimmune disorders, affecting approximately 10% of the population, are the
third most common type of disorder in the United States. These disorders cause the
body’s immune system to mistakenly attack its own healthy tissues, which can
affect a single organ or multiple organ systems (Cornelius, 2019). Women are sig-
nificantly more likely to develop autoimmune disease, representing 64% of indi-
viduals diagnosed between 2000 and 2019. This translates to a 13% prevalence
among women compared to 7% in men (Angum et al., 2020). Table 9.1 provides a
summary of gender differences in prevalence for each of the autoimmune condi-
tions discussed in this chapter.

There are multiple physiological reasons for these observed differences, includ-
ing the influences of sex hormones, sex chromosomes, genetic and epigenetic fac-
tors, and the gut microbiome (Cincinelli et al., 2018; Cornelius, 2019; Dupuis et al.,
2019; Kedia & Ravindran, 2020). Sex hormones in women cause a more vigorous
immune response, which puts them at a higher risk (Cincinelli et al., 2018; Cornelius,
2019; Dupuis et al., 2019). For example, prolactin stimulates the release of proin-
flammatory cytokines (Cornelius, 2019). Furthermore, the X chromosome contains
a large number of immune-related genes, and given that females have two X chro-
mosomes, some X-linked genes that influence immune response may be overex-
pressed (Dupuis et al., 2019). However, environmental factors also play an important
role in gender differences (Angum et al., 2020; Siegel & Sammaritano, 2024).
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Table ?-1 Rat.io of women to Autoimmune condition Ratio (women:men)
men ,W_lth autormmune Multiple sclerosis (MS) 3:1
conditions -
Systemic lupus erythematosus (SLE) |9:1
Rheumatoid arthritis (RA) 3:1
Autoimmune thyroid disease (AITD) |5-10:1
Autoimmune encephalitis (AE) 4:1
Type 1 diabetes 1:1.4

Autoimmune disorders have been historically stigmatized and poorly under-
stood, often questioned as to their veracity (Gunning, 2023). This can lead to feel-
ings of frustration, helplessness, and invalidation. Women may also be more likely
to have pain associated with many of these conditions dismissed or underrated, or to
be misdiagnosed due to gender bias (Samulowiz et al., 2018).

In the following sections, we delve deeper into the gender-related aspects of
specific autoimmune conditions, including multiple sclerosis (MS); Systemic lupus
erythematosus (SLE); rheumatoid arthritis (RA); autoimmune thyroid disease
(AITD); autoimmune encephalitis (AE), particularly anti-N-methyl-D-aspartate
receptor (NMDAR) encephalitis; and type I diabetes. Additionally, we discuss how
the consequences of autoimmune diseases can go beyond physical health and direct
impacts on cognition, as women with these conditions are at greater risk for devel-
oping mental health problems (Table 9.2).

Multiple Sclerosis
Epidemiology

Multiple Sclerosis (MS) is a disease of the central nervous system characterized by
chronic, inflammatory demyelination of brain axons (Baecher-Allan et al., 2018).
Wallin et al. (2019) estimated a 2010 prevalence of MS in the U.S. adult population
over 10 years at 309.2 per 100,000, with a disparity between genders. Women were
afflicted at a rate nearly triple that of men (450.1 per 100,000 compared to 159.7 per
100,000). This female predominance was further supported by Hittle et al. (2023),
who identified 76% of adults with MS as women in a large cohort study. The preva-
lence of MS also demonstrated a geographical trend, with a stronger association
with latitude observed in women, Black/African American individuals, and older
patients.

A confluence of factors likely accounts for the gender disparity, including hor-
monal fluctuations, immunological response differences, genetic predisposition,
and environmental influences. As discussed, hormonal and X-chromosome factors
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Table 9.2 Gender differences in clinical presentation of autoimmune conditions

Autoimmune
condition Clinical presentation in women Clinical presentation in men
Multiple sclerosis | — Broader range of symptoms across — The reproductive system
multiple systems (e.g., digestive, affected more often
musculoskeletal, and mental) — More weakness, sexual
— Higher fatigue and pain dysfunction, and bowel and
— Greater sadness and helplessness bladder difficulties
— Earlier disease onset — Non-acceptance, relationships
— More inflammatory relapses negatively impacted
— Slower disease progression — Worse long-term outcomes
— More white matter atrophy — Primary progressive
phenotype more common
— Greater visuospatial/
constructional and memory
deficits
— More gray matter atrophy
Systemic lupus — Musculoskeletal, dermatological, and | — More severe and aggressive
erythematosus alopecia more common disease course
— Greater negative effect on quality of — Cardiovascular disease,
life nephritis, and seizures more
common
Rheumatoid — Pain and joint swelling more frequent | — Organs outside of the joints
arthritis — Higher levels of depression more often affected
— More aggressive disease course
— Greater levels of disability
— Less likely to achieve remission
— Increased mortality in older women
Autoimmune — Unknown — Unknown
thyroid disease
Autoimmune — Tumors, especially ovarian teratomas, | — Prevalence of tumors
encephalitis more prevalent increases with age

— More clinical symptoms
— Worse peak stage background EEG
activity
— Higher likelihood of ICU stay
— Poorer prognosis with increasing age
Type 1 diabetes — Poorer metabolic control leading to — Unknown
more long-term complications

Note. EEG = electroencephalogram, ICU = intensive care unit

contribute to a more robust immunological response in women. Notably, as with
many other autoimmune diseases, women experience changes in disease activity
during pregnancy and postpartum, likely related to changes in adaptive immune
response and hormones during those time periods. Disease activity tends to be lower
during pregnancy, and relapses are common during the postpartum period (Angeloni
etal., 2021). Regarding environmental factors, Epstein-Barr Virus, a significant risk
factor for MS and other autoimmune disorders, is more prevalent in women. Other
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environmental factors (e.g., lack of sun exposure, cigarette smoking) also appear to
interact with sex-related mechanisms (Angeloni et al., 2021; Krysko et al., 2020).

Risk Factors and Presentation

There are distinct presentations of MS symptomatology between genders.
Perwieniec et al. (2021) found that women are more likely to experience a broader
range of symptoms, including headaches as well as digestive, musculoskeletal, oph-
thalmic, laryngological, mental, and cardiovascular issues. Men, however, tend to
present more frequently with reproductive system problems. Similarly, in a multi-
center study conducted in China, Zhao et al. (2020) reported higher levels of fatigue
and pain in women, whereas men experienced more weakness, sexual dysfunction,
and difficulties with urination and defecation. Psychologically, the women with MS
in this study reported greater sadness and helplessness, whereas men expressed
more non-acceptance and a negative impact on relationships (Zhao et al., 2020).
Cornelius (2019) also pointed out a worsening of symptoms in women after meno-
pause, possibly due to lower estradiol, which stimulates pro-inflammatory cyto-
kines (Cincinelli et al., 2018).

Diagnostic and prognostic considerations for MS also differ between genders.
For example, there is an earlier onset of the disease in women (Gilli et al., 2020).
The prodromal phase, often characterized by increased healthcare utilization,
reveals another pattern consistent with differences in initial symptomology. In a
large population-based cohort study, Yusuf et al. (2022) found that Canadian women
visited general practitioners and ophthalmologists more frequently during this
period, whereas women had a lower rate of genitourinary-related visits. Additionally,
although women experience more frequent inflammatory relapses, evidence points
point to a slower disease progression compared to men (Gilli et al., 2020). This sug-
gests that men may face worse long-term outcomes. However, being female and of
childbearing age appears to offer some protection against both a more aggressive
disease course and cognitive decline (D hooghe et al., 2013). This protective effect
seems to wane with ovarian aging, as there is an acceleration of disability progres-
sion in women after menopause (Krysko et al., 2020).

Cognitive Qutcomes

Neurocognitive impairment, including in social cognition, is a common early symp-
tom in MS (Benedict et al., 2020; Doskas et al., 2021). Regarding risk factors for
cognitive decline in MS, there is a correlation between clinical phenotype and gen-
der. Women are more likely to experience all phenotypes of MS except for primary
progressive MS (PPMS), which is associated with the most severe and widespread
cognitive deficits (Brochet & Ruet, 2019). These deficits include information
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processing speed, attention, working memory, executive functions, and verbal epi-
sodic memory, with more tests and domains impaired than relapsing remitting MS
(Brochet & Ruet, 2019). This suggests that men, who are more prone to PPMS, may
have a greater vulnerability to cognitive decline in MS (Beatty & Aupperle, 2002).
Brain scans also reveal gender differences in atrophy patterns. Women tend to have
more white matter atrophy, whereas men exhibit greater gray matter atrophy (Gilli
et al., 2020). Taken together, these findings suggest distinct pathological processes
at play in the brains of women and men with MS. As such, the cognitive impact of
MS also shows gender disparity. Specifically, Schoonheim et al. (2012) matched
females and males on lesion load and length of MS and found that females in their
study evidenced less impairment than males in visuospatial memory. In a larger
sample, in which women had a lower rate of PPMS than men, Donaldson et al.
(2019) reported better verbal memory performance in women. These findings echo
those of Beatty and Aupperle (2002), who found that women performed worse than
men on memory and visuoconstruction measures, and there were no significant
demographic differences between women and men in this sample. On average, the
individuals in the Schoonheim et al. (2012), Donaldson et al. (2019), and Beatty and
Aupperle (2002) studies had at least a high school level of education. No race or
ethnicity demographics were provided.

Systemic Lupus Erythematosus
Epidemiology

Systemic Lupus Erythematosus (SLE) is a complex autoimmune disease with a
multifactorial origin, involving genetic, epigenetic, and environmental factors man-
ifesting in a variable clinical presentation and course (Lichtnekert et al., 2022;
Siegel & Sammaritano, 2024). It can impact almost every tissue and organ system
in the body but preferentially affects the kidneys, joints, and skin (Hoi et al., 2024).
The epidemiology of SLE is variable too, differing by region, age, sex, and race.
With regard to region, the United States has one of the highest estimated incidences
in the world at 12.13 per 100,000 person-years, second only to Poland (Tian et al.,
2023). Although high-income countries/regions have higher rates of SLE, disease
burden, morbidity, and mortality are greater in countries/regions with lower socio-
economic status (Carter et al., 2016; Scherlinger et al., 2020; Tian et al., 2023).
Regardless of region, adults are more likely to be affected than children, and women
are more likely to be affected than men at a ratio of about 9 to 1 (Tian et al., 2023).
In the United States, Black/African American women are most likely to be affected,
at rates two to three times higher than Asian/Pacific Islander, Hispanic/Latinx, and
white women (Izmirly et al., 2021). White women typically have less severe disease
than Black/African American, Asian, and Hispanic/Latinx women (Izmirly
et al., 2021).
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Risk Factors and Presentation

Given this large sex bias, SLE is often referred to as the prototypical sexually dimor-
phic disease. Sex hormones, X-linked genes, sex differences in the immune system,
and epigenetic regulation of gene expression are all thought to play a role in the
differing risk factors, clinical presentation, and prognosis for women and men (Bose
& Jefferies, 2022). Men typically have a more severe and aggressive disease course
with regard to organ involvement and prognosis (Jolly et al., 2019; Nusbaum et al.,
2020; Ramirez Sepulveda et al., 2019). Smoking, alcohol use, and renal involve-
ment are more common in men with SLE, and they tend to experience cardiovascu-
lar disease, serositis, cytopenias, nephritis, thrombotic events, and seizures more
frequently than women (Gui et al., 2022; Murphy & Isenberg, 2013; Nusbaum
et al., 2020). Risk factors for women include early age at menarche, early age at
menopause, surgical menopause, oral contraceptive use, and postmenopausal use of
hormones, although it is important to note that results are based on data from pre-
dominantly White samples (Costenbader et al., 2007). Women are more likely to
experience musculoskeletal involvement, malar rash, alopecia, photosensitivity,
retinitis pigmentosa, oral ulcers, and arthritis (Murphy & Isenberg, 2013; Ramirez
Septlveda et al., 2019). Women also report greater negative effects of SLE on qual-
ity of life in the domains of lupus symptoms, cognition, and procreation than age-
matched men (Jolly et al., 2019).

Cognitive Outcomes

Neuropsychiatric manifestations of SLE, including cognitive impairment, seizures,
mood disorders, psychosis, and headaches, are common (Emerson et al., 2023;
Santos et al., 2021; Sarwar et al., 2021). Although the prevalence of cognitive
impairment varies widely depending on sample characteristics, measures used, and
how impairment is defined, approximately 38—40% of people with SLE exhibit cog-
nitive impairment when examined with a comprehensive neuropsychological bat-
tery using cut-offs at or below 1.5 standard deviations below a normative mean on
more than one measure (Rayes et al., 2018; Emerson et al., 2023; Raghunath et al.,
2023; Yuen et al., 2021). Attention, working memory, processing speed, executive
functioning, and verbal fluency are usually most affected, but performance is worse
than healthy controls across all cognitive domains (Raghunath et al., 2023; Seet
et al., 2021). Individuals with cognitive impairment report significantly reduced
quality of life and negative effects on employment and academic performance for
adults and children, respectively (Mendelsohn et al., 2021). To our knowledge, gen-
der differences in cognitive performance have not been examined in SLE.
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Rheumatoid Arthritis
Epidemiology

Rheumatoid Arthritis (RA) is a chronic autoimmune disease characterized by
inflammation of the joints (Maranini et al., 2022). In the United States, it is esti-
mated that roughly 1.3 million adults, or 0.6—1% of the adult population, are afflicted
with RA (Helmick et al., 2008). Women are disproportionately affected, at a ratio of
3 to 1 compared to men, and socioeconomic deprivation further increases risk
(Angum et al., 2020; Maranini et al., 2022). This disparity is even more pronounced
in Latin American and Caribbean populations, where women not only have a higher
prevalence of RA but also tend to experience an earlier onset of the disease
(Barragan-Martinez et al., 2012). However, there is a reversal of this trend after age
75 years, with a lower women-to-men ratio observed (Cornelius, 2019).
Socioeconomic factors also appear to play a role. Xu and Wu (2021) reported a
significantly higher risk and prevalence of RA among Black/African Americans and
individuals with lower socioeconomic status between 2005 and 2018.

Risk Factors and Presentation

There are unique risk factors for women with RA, with studies suggesting that ear-
lier menarche and menopause may increase a woman'’s susceptibility (Hernandez-
Avila et al., 1990; Pikwer et al., 2012). Furthermore, the presentation and
comorbidities of RA differ between genders. Women with RA generally experience
more pain and swelling in their joints than men (Intriago et al., 2019). Additionally,
Barragan-Martinez et al. (2012) found that in Latin American and Caribbean popu-
lations, women with RA were more likely to experience polyautoimmunity (i.e., the
presence of multiple autoimmune diseases) and abdominal obesity, whereas men
had more extra-articular manifestations (symptoms affecting organs outside the
joints).

Psychological considerations are also important. Women with RA report higher
levels of depression and negative mood than men with RA (Dowdy et al., 1996).
Although longitudinal findings indicate this may be influenced by factors such as
the quality of emotional support they receive, their use of passive pain coping mech-
anisms, and the physical limitations imposed by the disease, the correlation between
depression and RA in women is stronger with increased disease activity (Dowdy
et al., 1996; Sautner et al., 2020).

The prognosis of RA is also less favorable for women. Women tend to have a
more aggressive disease course, experience greater disability, and are less likely to
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achieve remission compared to men (Intriago et al., 2019; Shin et al., 2021; Sokka
et al., 2009). The additional physical and psychological burdens faced by women
with RA may further impact their overall well-being (Meade et al., 2018).
Furthermore, Anderson (1996) reported an increased mortality rate among elderly
women with RA.

Cognitive Qutcomes

Greater than 2/3 of patients show signs of cognitive dysfunction in RA, associated
with disease activity, linked to greater functional limitations, and often associated
with anxiety and depression (Chaurasia et al., 2020; Petersen et al., 2018; Vitturi
et al., 2019). Although a meta-analysis found that individuals with RA performed
significantly worse on cognitive function tests (especially on tests of verbal func-
tion, memory, and attention) compared to healthy controls, no significant gender
differences were observed (Meade et al., 2018). Underlying mechanisms for cogni-
tive dysfunction in RA are not fully understood, and possibilities include altered
brain-derived neurotrophic factor signaling, increased inflammatory cytokines, and
some of the treatments for RA (Olah et al., 2020; Pedard et al., 2021).

Autoimmune Thyroid Disease
Epidemiology

Autoimmune thyroid disease (AITD), or thyroiditis, affects approximately 2—-8% of
the U.S. population and is the most prevalent organ-specific autoimmune disease
(Franco et al., 2013; Hu et al., 2022; Pyzik et al., 2015). Like other autoimmune
diseases, the etiology of AITD is thought to be a complex interaction of environ-
mental factors in genetically susceptible individuals. Women are 5-10 times more
likely to develop AITD than men (Franco et al., 2013; Pyzik et al., 2015), and
pregnancy-related immune system and hormonal changes are hypothesized to play
a pathophysiological role (Bogovi¢ Crnci¢ et al., 2023). However, the effect of
puberty did not differ between genders in a study of the onset of AITD in children
and adolescents, supporting the importance of factors in addition to hormones
(Calcaterra et al., 2020). Risk for AITD increases with age, is more common in
individuals who suffer from other autoimmune diseases, such as MS, SLE, and RA,
and can worsen disease activity associated with these conditions (Lichtiger et al.,
2024; Pyzik et al., 2015). Little information is known about racial and ethnic differ-
ences, and there is conflicting information about the impact of economic status (Hu
et al., 2022).
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Risk Factors and Presentation

One of the most common AITDs is Graves’ disease (GD), which is the primary
cause of hyperthyroidism (Franco et al., 2013; Pyzik et al., 2015). Hyperthyroidism
is defined as increased synthesis and secretion of thyroid hormones, thyroxine (T4)
and triiodothyronine (T3), in the context of suppressed serum concentrations of
thyroid-stimulating hormone (TSH) (Chaker et al., 2024). The clinical presentation
of hyperthyroidism is variable and not strongly linked to circulating thyroid hor-
mone concentrations (Vox et al., 2009). Symptoms can be present in multiple sys-
tems, including skin, eyes, cardiovascular, gastrointestinal, skeletal, neurological,
and psychiatric (Chaker et al., 2024). Common neuropsychiatric symptoms include
anxiety, restlessness, tremor, emotional lability, psychosis, poor concentration, and
irritability (Chaker et al., 2024).

A rare but serious complication of hyperthyroidism is referred to as thyroid
storm. Thyroid storm occurs when one or more organ systems decompensate, which
can result in congestive heart failure, stupor, and/or coma. Clinical signs that raise
suspicion for GD specifically include thyroid eye disease, alopecia, acropachy (i.e.,
clubbing of nails), and thymic enlargement (Chaker et al., 2024). Sex differences in
hyperthyroidism have not been widely investigated, with only one study in children
reporting no differences (Wang et al., 2020b).

The second most common AITD is hypothyroidism or an underactive thyroid
gland (Bernal & Meager, 2019; Zamwar & Muneshwar, 2023). Primary hypothy-
roidism, which constitutes 99% of cases, is caused by a deficiency of T4, which
regulates metabolism and can cause complications in several organs of the body if
left untreated (Zamwar & Muneshwar, 2023). It presents with increased levels of
TSH and decreased levels of T4 concentrations in the blood.

Subclinical hypothyroidism, a milder form of hypothyroidism, presents with
elevated TSH levels in the context of normal T4 levels. Common signs of hypothy-
roidism are lethargy, weight gain, cold intolerance, and dry skin and hair, but the
symptomatology can range from non-existent to life-threatening (i.e., myxedema
coma) (Bernal & Meager, 2019; Zamwar & Muneshwar, 2023). Symptoms of
depression and anxiety are also common (Karakiewicz-Krawczyk et al., 2022).
Hypothyroidism commonly occurs as a consequence of treating GD, iodine defi-
ciency, and Hashimoto’s thyroiditis (HT), which is chronic inflammation secondary
to an autoimmune response that damages the thyroid gland.

HT, also known as autoimmune thyroiditis or chronic lymphocytic thyroiditis, is
the most common cause of primary hypothyroidism in regions with sufficient iodine
(Franco et al., 2013; Pyzik et al., 2015; Zamwar & Muneshwar, 2023). Although
greater body mass index and waist circumference are associated with increased risk
of HT for both women and men, only metabolically unhealthy women with obesity
are at higher risk, whereas men who are metabolically unhealthy or obese are at
higher risk (Yang et al., 2022).
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Cognitive Outcomes

Cognitive impairment is associated with both hyper- and hypothyroidism, with the
latter sometimes referred to as a “reversible” cause of dementia, although it is
unclear how many patients this type of reversible dementia actually affects (Bernal
& Meager, 2019; Lekurwale et al., 2023; Zamwar & Muneshwar, 2023). Meta-
analytic studies of the association of thyroid disease with risk of cognitive impair-
ment and dementia did not confirm a relationship with hypothyroidism (Ma et al.,
2023; Ye et al., 2022) but did find that hyperthyroidism was predictive of dementia
(Ma et al., 2023). Congenital hypothyroidism, on the other hand, is a leading cause
of preventable cognitive and intellectual disability (Bernal & Meager, 2019), and
Hashimoto’s Encephalopathy (HE), also known as steroid-responsive autoimmune
encephalopathy associated with autoimmune thyroiditis (SREAT), presents with
cognitive impairment, altered mental status, seizures, psychosis, movement disor-
ders, and stroke-like symptoms (Chaudhuri et al., 2023; Chiarello et al., 2020;
Figgie et al., 2024; Zhou et al., 2017). Following resolution of the acute confusional
state, cognitive impairment is typically diffuse with gradual improvement, although
residual deficits may be present in executive dysfunction (Mazzu et al., 2012).
Gender differences in cognitive impairment or neuropsychiatric profiles in AITDs,
if any, are unknown.

Autoimmune Encephalitis
Epidemiology

Autoimmune encephalitis (AE) refers to a heterogeneous group of diseases medi-
ated by autoimmune mechanisms and sometimes strong genetic predispositions that
commonly cause neuropsychiatric symptoms (Altintas et al., 2020; Kvam et al.,
2024). NMDAR encephalitis was the first of these diseases to be reported in 2007
and is the most common, accounting for approximately 54-80% of AE cases (Zhao
et al., 2023). Incidence is estimated at 1.5 per million population per year (Dalmau
etal., 2019). Women are overrepresented at a rate about four times higher than men,
although sex differences are less apparent in ages 12 and younger and 45 and older
(Altintas et al., 2020). AE secondary to high-titer antibodies against glutamic acid
decarboxylase (GAD) also has a strong female predominance and usually manifests
between the ages of 10-39 years (Altintas et al., 2020). Antibodies targeting
Leucine-rich glioma-inactivated 1 (LGI1) are thought to be the second most com-
mon cause of AE, followed by contactin-associated protein-like 2 (Caspr2), which
confers a strong male predominance (Altintas et al., 2020; Kvam et al., 2024).
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Risk Factors, Presentation, and Cognitive Qutcomes

In NMDAR AE, psychiatric and behavioral symptoms, seizures, and cognitive
impairment are common clinical features (Dalmau et al., 2019; Zhao et al., 2023).
Tumors, particularly ovarian teratomas, are significantly more prevalent in women,
particularly between ages 12 and 45 years, whereas the prevalence of tumors in men
increases with age (Altintas et al., 2020; Zhao et al., 2023). The presence of terato-
mas is associated with milder neurological symptoms and better long-term out-
comes post-tumor resection (Zhang et al., 2020). Women experience more clinical
symptoms and worse peak stage background activity on EEG than men and have a
higher probability of needing ICU support, all of which are associated with poorer
outcomes (Wang et al., 2020a, 2020b; Zhao et al., 2023). In addition, increasing age
is associated with a poorer prognosis in women but not men (Sun et al., 2020).
Information about long-term cognitive outcomes is limited but suggests pervasive
impairment with 40-88% of patients exhibiting cognitive impairment greater than
1.5 standard deviations below the normative mean in at least one domain (Kvam
et al., 2024). Domains most likely to be impaired are memory, attention, processing
speed, and executive functioning (Galioto et al., 2023; Kvam et al., 2024).

Type 1 Diabetes
Epidemiology

Type 1 diabetes, previously referred to as juvenile diabetes, is an autoimmune dis-
ease in which the body destroys cells in the pancreas that produce insulin. This
results in a lifelong need for insulin injected to control blood sugar levels (Bullard
etal., 2019). A meta-analysis found a global incidence of 15 per 100,000 people and
a prevalence of 9.5% (Mobasseri et al., 2020). Research suggests gender and ethnic
disparities in type 1 diabetes; men and non-Hispanic/Latinx White individuals
appear to have a higher incidence compared to Hispanic/Latinx individuals (Bullard
et al., 2018).

Risk Factors and Presentation

Although the core symptoms of and risk factors for type 1 diabetes are similar
between genders, there are some gender differences in terms of prognosis. Women
with this condition tend to have poorer metabolic control, leading to more long-term
complications (Manicardi et al., 2016). Furthermore, Evers et al. (2004) noted an
increased risk of complications during pregnancy among women with type 1
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diabetes. These findings underscore the importance of an approach to managing
type 1 diabetes that considers gender.

Cognitive Qutcomes

Regarding cognitive dysfunction in type 1 diabetes, meta-analysis indicates lower
performances than healthy controls, of mild to moderate magnitude, in multiple
cognitive domains. These include intelligence, information processing speed, sus-
tained attention, cognitive flexibility, and visual perception; however, there were no
differences on measures of learning and memory (Brands et al., 2005). Multiple
investigations have shown a relationship between these deficits and microvascular
complications associated with type 1 diabetes (Brands et al., 2005; Sharma &
Brown, 2022), and disease duration and younger age of onset are among the stron-
gest predictors of lower scores across neuropsychological measures (Brismar et al.,
2007). Clinically significant impairments, defined as at least 1.5 standard deviations
below the normative mean on at least two cognitive tests, in older adults with type
1 diabetes have also been found, with one study citing 48% of their sample as hav-
ing these impairments (Chaytor et al., 2019). Findings were consistent with those in
younger populations in that the number of lifetime hypoglycemic events was not
related to cognitive performances; however, neither were disease duration and age
of onset. Furthermore, the number of recent hypoglycemic events was negatively
associated with performances on cognitive tasks. Together, these findings suggest
other factors may be contributing to cognitive dysfunction in older adults with type
1 diabetes. However, whether there are significant differences in cognitive perfor-
mance between genders has not been specifically examined to our knowledge.

Research Takeaways

There is growing recognition of the influence gender plays on the prevalence, pre-
sentation, and prognosis of autoimmune diseases. As discussed in this chapter,
women are disproportionately affected by many autoimmune conditions, and their
experiences often differ from those of men. However, the impact of intersecting
identities, such as race, ethnicity, sexual orientation, and gender identity on autoim-
mune diseases remains largely unexplored. This lack of data on individuals with
marginalized identities creates significant gaps in our understanding and a barrier to
providing truly equitable healthcare.

Much of the existing research focuses on biological factors like hormonal fluc-
tuations and variations in the immune response between women and men. This bio-
logical focus is undoubtedly important. However, for a more complete picture, we
need to broaden our scope and delve deeper into how environmental and sociocul-
tural factors differentially contribute to stress and the immune response in women
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and men. Disparities in stress levels, access to healthcare, and environmental expo-
sures may differentially impact women and men. For example, women often face
unique stressors related to childcare, work-life balance, and societal expectations.
Chronic stress is a well-established activator of the immune system, and under-
standing how these external factors influence disease development and progression
is crucial. Furthermore, we must explore the intricate interplay between biological
predispositions and environmental factors across different developmental stages—
childhood, adolescence, and adulthood—for a more holistic understanding. Below
are key takeaways to guide future research:

Gender Differences in Cognitive Concerns: Although research has begun to illu-
minate the gendered aspects of autoimmune diseases, a critical question remains
largely unanswered: Are there gender-specific risk factors for cognitive decline
and dysfunction? Research in this area has been scarce. Future studies should
prioritize investigating this question, with a particular focus on environmental
factors. Specifically, we need to understand how stressors unique to understudied
populations with intersecting identities might influence cognitive function. For
example, we could ask questions such as: How do childhood experiences of dis-
crimination or social isolation in individuals with understudied intersecting iden-
tities interact with their genetic makeup to influence their risk of developing an
autoimmune disease later in life? By investigating how stressors at different life
stages interact with the immune system and influence cognitive function, we can
gain valuable insights into the complex interplay between gender, environment,
and autoimmune disease.

Understanding Cognitive Impairment Across Autoimmune Diseases: Even
though research on cognitive decline in MS is commendable, we need to under-
stand the underlying mechanisms of cognitive impairment in other autoimmune
diseases. This knowledge is crucial for developing targeted interventions and
improving overall patient well-being. For instance, do the inflammatory pro-
cesses characteristic of RA or SLE impact cognitive function differently in
women and men? By investigating these questions, we can move beyond a one-
size-fits-all approach to cognitive dysfunction in autoimmune diseases and
develop interventions tailored to the specific needs of different patient
populations.

Diversity in Clinical Trials: Strait (2019) and Finalyson et al. (2023) rightly
emphasize the need for more diverse representation in clinical trials for RA and
MS, respectively. We extend this call to action to all autoimmune diseases.
Currently, many clinical trials lack sufficient representation from racial and eth-
nic minorities, LGBTQ+ individuals, and those from lower socioeconomic back-
grounds. This homogeneity in research populations leads to findings that may
not be generalizable to the broader patient community. By including individuals
from various backgrounds and identities, we can ensure that research findings
are generalizable and inform equitable treatment strategies.



276 E. Logue and R. C. Hilsabeck
Clinical Takeaways

Cognitive impairment affects a subset of patients in each of the autoimmune dis-
eases reviewed in this chapter. In most cases, deficits are mild and nonprogressive,
and the pattern is suggestive of frontal subcortical dysfunction. Exceptions are
PPMS, which involves more severe and widespread deficits with decline over time,
and HE and AE, which present with altered mental status and a diffuse pattern of
deficits that recover with treatment but often do not return to baseline and may inter-
fere with return to work or school activities. Psychiatric symptoms, such as depres-
sion, anxiety, mania, and psychosis, are also common across diseases, along with
pain and fatigue. In many cases, it may be difficult to discern whether cognitive
deficits are secondary to the disease process, its treatments, and/or comorbid condi-
tions or disease complications. Identification of cognitive impairment is important
for treatment planning and safety purposes. Patients, families, and caretakers will
benefit from knowledge of cognitive strengths and weaknesses and the need for
compensatory strategies or assistance. Below are key takeaways for clinical practice:

* Gender Differences in Diagnosis and Treatment: Across autoimmune diseases,
there are gender differences in epidemiology, risk factors, clinical presentation,
prognosis, and treatment response that need to be considered for diagnosis and
treatment planning. Integrating what is known (and not known) about environ-
mental, sociocultural, and genetic factors and communicating those to patients
during feedback will be important to facilitate understanding of cause and effects
on neuropsychological functioning.

* Disease-Specific Neuropsychological Assessment: Use of shorter neuropsycho-
logical test batteries that are sensitive to cognitive deficits typically found in a
particular autoimmune disease would help ensure that routine assessment of cog-
nitive functioning occurs and subtle deficits are not missed. Disease-specific bat-
teries of an hour or less have been proposed for MS, SLE, and AE and could be
utilized for other autoimmune diseases.

» Interventions for Cognitive Impairment: Patients with cognitive impairment sec-
ondary to autoimmune diseases may benefit from cognitive rehabilitation tech-
niques, as well as from holistic approaches that align with patients’ beliefs and
preferences to address emotional and behavioral symptoms. Understanding
whether there are gender differences in response to interventions for cognitive
impairment is an area in need of future study.
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Chapter 10 )
Chronic Health Conditions Creck o

Maddy Myers and Mary Jo Pugh

Introduction

Understanding the intricate interplay between gender and health reveals striking
differences in how women and men experience, report, and manage complex medi-
cal conditions. Experiences by gender for chronic pain, fibromyalgia, chronic
fatigue syndrome, sleep disorders, psychogenic nonepileptic seizures (PNES), and
long COVID exhibit particularly pronounced variation. Despite these clear differ-
ences, there remains a notable gap in gender-specific research, often leading to gen-
eralized treatment approaches that may not be equally effective for all. Focusing on
these complex conditions, we shed light on how biological, psychological, and
social factors uniquely shape the experiences of women. By exploring the latest
epidemiological data, we aim to provide a comprehensive understanding of unique
presentations in women, illuminate research gaps, and ultimately guide more per-
sonalized and effective healthcare interventions (Table 10.1).

Chronic Pain

Chronic pain is characterized as pain that persists or recurs for at least 3—6 months,
often extending beyond the usual healing period of an injury or illness (Dydyk &
Conemann, 2024). It encompasses a diverse group of conditions characterized by
complex interactions among physical, psychological, and social factors, which can
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Table 10.1 Ration of Women to Men with Chronic Health Conditions

Chronic health condition Ratio (women:men)
Chronic pain 1.2:1
Fibromyalgia 7-9:1
Myalgic encephalitis / chronic fatigue syndrome 19:1
Sleep disorders 14:1
Psychogenic nonepileptic seizures 2-3:1
Long COVID 1.6:1

significantly impair daily functioning, quality of life, as well as social support.
Moreover, biological mechanisms, such as neuroinflammation and central sensitiza-
tion, alongside psychosocial stressors, contribute to the persistence and complexity
of chronic pain syndromes (Tracey & Mantyh, 2007; Vardeh et al., 2016).

Epidemiology

Chronic pain—in this case defined as pain that persists on most days or every day
for at least 3 months—affected 20.5%-21.8% of U.S. adults across genders between
2019 and 2021. High-impact chronic pain, a more severe form that limits daily
activities or work on most days, affected 6.9%—7.8% of U.S. adults during the same
period (Rikard et al., 2023). Women exhibited a higher prevalence of chronic pain,
both in nonadjusted and age-adjusted analyses (22% vs. 19.7% and 20.5% vs.
18.8%, respectively; Rikard et al., 2023). This trend persisted with high-impact
chronic pain, with women reporting rates of 7.6% compared to 6.2% in men (non-
adjusted) and 7.0% vs. 5.8% (age-adjusted) (Rikard et al., 2023).

Data from the National Health and Nutrition Examination Survey (NHANES)
spanning from 1999 to 2004 reveal that women had a higher prevalence of both
localized and widespread chronic pain (e.g., knee, hip, or shoulder pain) at 56.4%
compared to 43.6% in men. Similarly, widespread chronic pain—characterized by
bilateral pain above and below the waist with axial involvement (e.g., spine or
chest)—was reported by 59.7% of women compared to 40.3% of men (Umeda
et al., 2019). Together, these findings demonstrate that women consistently report
higher rates of both localized and widespread chronic pain across different time
periods and datasets. This trend, observed across decades, underscores the persis-
tent gender disparity in chronic pain prevalence.

Chronic pain disparities extend beyond gender, with significant differences
across demographic factors such as race, ethnicity, and sexual orientation.
Intersectional analysis from the CDC MMWR highlighted that certain populations,
such as American Indian/Alaska Native (AI/AN) adults and individuals identifying
as bisexual, also exhibited significantly higher rates of high-impact chronic pain.
Age-adjusted prevalence of high-impact chronic pain among AI/AN adults was
more than six times higher than non-Hispanic/Latinx Asian adults (12.8% vs. 2.1%,
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respectively; Rikard et al., 2023) and almost two times as high as among non-
Hispanic/Latinx White adults (12.8% vs. 6.5%, respectively; Rikard et al., 2023).
The age-adjusted prevalence of chronic pain among adults identifying as bisexual
was 32.9% compared with 20.7% among those identifying as gay or lesbian and
19.3% among adults identifying as straight (Rikard et al., 2023). These disparities
underscore the need for intersectional approaches in chronic pain research and
healthcare, ensuring that prevention, diagnosis, and treatment strategies are equita-
ble and responsive to the diverse pain experiences of affected populations.

Risk Factors and Presentation

The experience and management of chronic pain can vary greatly between women
and men. Research indicates that the genotypic and phenotypic differences in pain
between the sexes are influenced by a combination of anatomical, physiological,
neural, hormonal, psychological, social, and cultural factors (Casale et al., 2021; see
Fig. 10.1). Women are more likely to experience pain related to the genitourinary
system (Casale et al., 2021), postpartum chronic pain (Lavand’homme, 2019), and
chronic pelvic pain syndrome (Grinberg et al., 2020; Vincent & Evans, 2021).
Additionally, women often utilize different coping mechanisms for pain compared
to men. For example, women might seek social support more frequently, while men
may be more inclined to use problem-focused strategies (El-Shormilisy et al., 2015).

Animal models, particularly rodent models, suggest gender differences in pain
sensitivity are influenced by hormonal fluctuations, particularly in females during
the estrous and menstrual cycles. These cycles, which include phases like proestrus
and diestrus in rodents and the follicular and luteal phases in humans, are character-
ized by varying estrogen levels (Mota-Carrillo et al., 2024). A study by

Fig. 10.1 Key factors contributing to higher chronic pain rates in women
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Mota-Carrillo et al. (2024) examined pain responses in female mice at different
estrous cycle phases and male mice. They found that female mice had a lower pain
threshold during the proestrus phase compared to other phases. During the proes-
trous phase, female mice had a lower pain threshold than male mice. Additionally,
they observed that transient receptor potential vanilloid 1 (TRPV1) protein levels
were higher in females during proestrus than in other phases and in male mice
(Mota-Carrillo et al., 2024). TRPV1 is an ion channel crucial for pain perception, as
it detects and responds to noxious stimuli such as high temperatures and chemical
irritants like capsaicin, which cause a burning sensation (Caterina et al., 2000;
Mota-Carrillo et al., 2024). Thus, these findings suggest that hormonal changes,
particularly related to sex steroid hormones, play a significant role in regulating
pain sensitivity.

Chronic pain presents differently in women and men, with women often report-
ing higher pain sensitivity, greater intensity, and more widespread discomfort
(Casale et al., 2021). Pain in women is more frequently accompanied by comorbid
conditions like anxiety, depression, and PTSD, with these conditions intensifying
each other’s severity when present together (Casale et al., 2021; Gasperi et al.,
2021). Women Veterans face heightened vulnerability to chronic pain due to
increased exposure to various forms of trauma, including interpersonal violence and
childhood abuse, as well as more life stressors and limited social support (Lehavot
et al., 2018). In a 2021 cohort of 1,936,859 Veterans with chronic pain—12.5% of
whom were women—Hadlandsmyth et al. (2024) found that women Veterans had
higher rates of depression, anxiety, PTSD, and sleep disturbances. These mental
health conditions contributed to pain catastrophizing (where individuals feel over-
whelmed by their pain), which further worsened outcomes (Hadlandsmyth et al.,
2024). Women also reported more intense pain and greater interference in daily
activities compared to men, reflecting the severe impact chronic pain has on their
functioning (Hadlandsmyth et al., 2024). Furthermore, women Veterans exhibited
higher rates of multiple overlapping pain conditions (MOPCs), with an average of
2.3 conditions compared to 1.9 among men. PTSD emerged as an independent risk
factor for MOPCs, highlighting the importance of integrated, trauma-informed care
that addresses both mental health and chronic pain challenges (Hadlandsmyth
et al., 2024).

Diagnosis and Treatment

Women may require different measures to adequately capture their pain. Watanabe
et al. (2023) followed 60 females and 75 males admitted for surgery for lumbar
spinal disorders to examine gender differences in preoperative factors affecting
acute postoperative pain in patients with lumbar spine conditions. The authors
found that in women, preoperative psychiatric problems (BS-POP) were indicative
of acute pain outcomes, while in men, preoperative pain catastrophizing (PCS)
scores were a significant predictor of acute pain. These findings suggest that while
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PCS should be specifically assessed in men to predict pain severity, women may
require a broader evaluation including BS-POP in addition to PCS to better under-
stand and manage acute postoperative pain (Watanabe et al., 2023).

Differences in symptom presentation and pain diagnoses are further complicated
by gendered norms about pain expression. Societal expectations can influence how
women and men report and cope with pain (Samulowitz et al., 2018). Women are
more likely to be diagnosed with chronic pain conditions, partly due to their higher
reported prevalence and severity of symptoms. However, gender biases in the treat-
ment of chronic pain are documented—with women receiving less aggressive pain
management compared to men (Samulowitz et al., 2018). Additionally, racial and
ethnic disparities influence the treatment and management of chronic pain. As the
research area grows, so does the body of evidence showing that racial and ethnic
differences affect both opioid treatment and long-term monitoring of opioid use
(Morales & Yong, 2021). For example, in a survey of a 310-system sample encom-
passing 2,197,153 person-years, Morden et al. (2021) found that while the crude
annual prevalence of opioid use differed slightly between Black/African American
and White patients (50.2% vs. 52.2%), the mean annual dose was 36% lower among
Black/African American patients (5190 morphine milligram equivalents [MME])
compared to White patients (8082 MME). These complex associations among
patient sociodemographic characteristics and chronic pain can significantly impact
quality of life and the effectiveness of pain management strategies. Moreover, phar-
macological treatment approaches may exacerbate the cognitive impact of chronic
pain (e.g., opioids, anticonvulsants; Salinsky et al., 2023). Thus, it is critical to
examine both the pain and treatment contributions to cognitive function.

Notable differences exist in the utilization and efficacy of opioids for chronic
pain management between women and men. According to the 2019 CDC National
Health Statistics Reports, women with chronic pain were more likely to have used a
prescription opioid in the past 3 months (24.3%) compared to men (19.4%;
Dahlhamer et al., 2021). Interestingly, the efficacy of pain management drugs, such
as opioids, may differ between women and men. Research by Wang et al., (2006)
shows that female experience significantly less and shorter-lasting relief from mor-
phine than frats. Additionally, Huhn et al. (2018) reviewed evidence suggesting that
mu opioid receptors are influenced by sex hormones, with receptor availability fluc-
tuating according to the estrous phase. These findings underscore the complexity of
gender differences in opioid efficacy and suggest that similar gender-related factors
may influence responses to various pain management strategies. Given these gender-
based differences, research suggests that women often benefit more from interdisci-
plinary pain management programs than men (Keogh et al., 2005; Racine
et al., 2020).
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Cognitive Outcomes

Chronic pain (including fibromyalgia) and its subsequent treatment are also associ-
ated with several distinct cognitive effects linked to well-being, productivity, and
mental health. Chronic pain is associated with difficulties or deficits of memory,
attention and concentration, executive function, information processing speed, and
cognitive flexibility, as well as declines in mental fatigue and overall mood
(Berryman et al., 2013). Chronic pain is consistently associated with memory prob-
lems in humans—particularly working memory, recall, attention, and recognition
(Hagger et al., 2021; Muiioz & Esteve, 2005; van der Leeuw et al., 2018). Memory
problems associated with chronic pain are thought to derive from decreased hippo-
campal volume and plasticity and activation of the basolateral amygdala in context
of chronic pain (Mutso et al., 2012; Roozendaal et al., 2006; Tajerian et al., 2018).
Similar findings have also been obtained in animal studies (Ji et al., 2010).

Studies in both animals and humans demonstrate pathway overlap between the
attention matrix and pain pathways (Filley, 2002). As a result, painful stimuli can
interfere with attention, and interestingly, cognitively complex tasks are associated
with decreased pain sensitivity, reinforcing the idea that there is a bidirectional rela-
tionship between cognition and chronic pain (Villemure & Bushnell, 2002).
However, this ability to use cognitive distraction to reduce pain perception is not
generally effective in older adults and those with mood-related comorbidities (e.g.,
depression/anxiety) (van der Leeuw et al., 2018).

Because pathways in the brain associated with executive function and pain also
overlap, chronic pain is also associated with impaired executive function (including
information processing speed and decision making). Gray matter reduction found in
aging also occurs more quickly in the setting of chronic pain, leading to these exec-
utive function problems (Ceko et al., 2013; Minkova et al., 2017; Planchuelo-G6mez
et al., 2020). However, the type of chronic pain is important as not all types of pain
have been associated with impairment of executive function. For instance, fibromy-
algia is commonly associated with emotional decision making in women while neu-
ropathic pain is not (Verdejo-Garcia et al., 2009). Studies have also implicated
chronic pain in emotional decision making (Apkarian et al., 2004; Barnhart et al.,
2019). Taken together, these findings suggest the possibility of personality interac-
tions with pain and cognition.

Fibromyalgia

Fibromyalgia is an often overlooked and misunderstood complex chronic pain dis-
order. It is defined by widespread musculoskeletal pain, fatigue, and cognitive dis-
turbances (colloquially referred to as “fibro fog”) and often coexists with other
conditions such as depression, anxiety, and irritable bowel syndrome (IBS; Bhargava
& Hurley 2023; Wolfe et al., 2016). Although its exact cause remains unclear, it is
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understood to involve abnormal pain processing in the central nervous system
(Bhargava & Hurley 2023). Given the unique symptom complex and the more gen-
dered presentation, we now describe unique features of fibromyalgia that are not
addressed in our discussion of chronic pain above.

Epidemiology

The prevalence of fibromyalgia varies across studies, reflecting differences in meth-
odology and population demographics. The Rochester Epidemiology Project, a
population-based study conducted in Olmsted County, Minnesota, identified poten-
tial 3410 patients, with 1115 having a documented fibromyalgia diagnosis con-
firmed through chart review (Vincent et al., 2013). Of these, 492 completed a survey,
and 370 met the criteria for fibromyalgia (Vincent et al., 2013). The use of both
clinical diagnoses and survey data ensured a more comprehensive capture, includ-
ing cases that might have otherwise gone undiagnosed. Investigators reported a
prevalence of fibromyalgia in women of 7.7% vs. 4.9% in men—suggesting a sig-
nificant gender gap (Vincent et al., 2013).

A scoping review by Ruschak et al. (2023), which included 10 articles published
in the years 2016-2022, reported that fibromyalgia affects up to 5% of the world’s
population with the incidence in the United States estimated at 2.41% (lower than
Europe at 2.64%; Ruschak et al., 2023). It found the female predominance to be
from 80% and 96% (Ruschak et al., 2023). A study by Arout et al. (2018) focused
specifically on U.S. Veterans receiving a pain diagnosis in FY2012 (October 1,
2011, to September 30, 2012). The cohort included 2,216,621 Veterans who had a
pain diagnosis and within this group; 77,087 (3.48%) were diagnosed with fibromy-
algia, while 2,139,534 (96.52%) received other pain diagnoses. Of those diagnosed
with fibromyalgia, 19,620 (25.5%) were female and 57,467 (74.5%) were male.
However, it is critical to note the sample was predominantly male. The authors
found that among Veterans with a pain diagnosis in 2012, the strongest independent
predictor of fibromyalgia was being female (SRC = 0.177; OR = 3.2, 95% CI:
3.1-3.2) (Arout et al., 2018).

Risk Factors and Presentation

While the estimates vary, research consistently identifies gender as a significant
risk factor. Women diagnosed with fibromyalgia tended to be younger and have
higher rates of comorbid conditions such as headaches, connective tissue diseases,
and psychiatric disorders (e.g., depression, anxiety) compared to men (Arout et al.,
2018; Thieme et al., 2004). Women are also less likely to delay in seeking care
(Conversano et al., 2021). In contrast, men with fibromyalgia often presented with
more medical comorbidities but experienced fewer psychiatric symptoms (Arout
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Table 10.2 Gender differences in Fibromyalgia presentation
Women with Fibromyalgia Men with Fibromyalgia
Pain Widespread, more severe Localized to tender points

Fatigue and fibro | Greater fatigue and cognitive disturbances | Milder cognitive impact
fog

Comorbidities Headaches, connective tissue diseases, More medical comorbidities,
psychiatric disorders (anxiety, depression) | fewer psychiatric symptoms

Hormonal Symptoms influenced by menstrual cycle | N/A

influence (pain, mood changes)

Sexual Higher incidence (86.9%) Lower incidence (76.5%)

dysfunction

Care-seeking Early diagnosis, proactive care-seeking Delay in seeking care until

behavior symptoms become severe

et al., 2018; Wolfe et al., 2018). In men, the pain is often less widespread pain and
more localized (“tender points”; Clauw, 2014; Conversano et al., 2021) (Table 10.2).

Recent research indicates that fibromyalgia in women may be linked to specific
biochemical markers. For example, fibromyalgia patients showed higher serum lev-
els of amino acids like glutamic acid and histidine while alanine levels were lower
compared to controls (Rus et al., 2018). Additionally, plasma norepinephrine, sero-
tonin or 5-hydroxytryptamine (5-HT), 5-hydroxyindolacetic acid (5-HIAA), and
5-hydroxytryptophan (5-HTP) levels are elevated in patients with fibromyalgia
compared to healthy controls (Jurado-Priego et al., 2024; Rus et al., 2018).
Norepinephrine levels above 694.69 pg/mL are a strong predictor of fibromyalgia
(Jurado-Priego et al., 2024; Rus et al., 2018). In contrast, dopamine and serotonin
levels are reduced in fibromyalgia patients. Increased oxytocinase activity and low
EDA activity are also observed, which may influence pain sensitivity and the overall
severity of symptoms (Aguilar-Ferrdndiz et al., 2021; Jurado-Priego et al., 2024;
Martinez-Martos et al., 2019). These biomarkers could be valuable in diagnosing
and understanding fibromyalgia’s pathophysiology.

Symptom presentation in fibromyalgia varies widely, but studies consistently
show that women report more symptoms and higher levels of symptom severity
compared to men (Wolfe et al., 2018). Women living with fibromyalgia commonly
experience greater subjective pain perception, increased fatigue, and altered
responses to pain stimuli. The latter may be influenced by hormonal fluctuations
and central nervous system (CNS) effects related to the menstrual cycle (Ruschak
etal., 2023; Siracusa et al., 2021). In a sample comprised 293 patients with fibromy-
algia (276 females and 17 males) and 86 healthy controls (72 females and 14 males),
Rico-Villademoros et al. (2012) found that the frequency of sexual dysfunction
(e.g., desire, arousal, orgasm) was significantly higher in patients with fibromyalgia
than in controls for both females (86.9% vs. 23.6%) and males (76.5% vs. 6.7).
Further complicating the picture is that antidepressants (e.g., SSRIs) can exacerbate
sexual dysfunction, which is a challenge as they are commonly prescribed for fibro-
myalgia and fibromyalgia-related depression and/or anxiety (Rico-Villademoros
et al., 2012). Taken together, these findings highlight how the pervasive nature of
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fibromyalgia symptoms significantly impairs overall quality of life, leading to con-
siderable challenges in daily functioning and well-being for those affected.

Diagnosis and Treatment

Diagnosing fibromyalgia remains challenging due to its subjective nature and over-
lapping symptoms with other conditions—especially those rheumatologic in nature.
Thorough clinical evaluation and consideration of symptom patterns, tender points,
and patient-reported outcomes are paramount in making an accurate diagnosis
(Wolfe et al., 2018). Prognosis varies widely, with some individuals experiencing
periods of remission or symptom improvement, while others may face chronic
symptoms that significantly impact daily functioning and quality of life (Wolfe
et al., 2018).

Manual therapy, which includes techniques such as gentle stretching, joint
manipulation, and myofascial release, is gaining attention as a treatment for fibro-
myalgia. Studies investigating both women and men (Algar-Ramirez et al., 2020;
Jurado-Priego et al., 2024; Schulze et al., 2020) and only women (Audoux et al.,
2023; Nadal-Nicolas et al., 2020) show that manual therapy can reduce pain percep-
tion, improve muscle fatigue, and alleviate tension anxiety in individuals living with
fibromyalgia. While a promising path forward, the evidence for manual therapy is
mixed and further research is needed. A systematic review of randomized controlled
trials (RCTs) examined the impact of manual therapy on pain, quality of life, and
disease burden across seven studies involving 368 patients (Schulze et al., 2020).
The authors concluded that the available evidence, ranging from very low to moder-
ate quality, is inconclusive and insufficient to endorse the use of manual therapy for
patients with FM (Schulze et al., 2020). The authors did note that general osteo-
pathic treatment has achieved clinically relevant improvements in pain relief com-
pared to controls (Schulze et al., 2020). Additionally, manual lymphatic drainage
and myofascial therapy demonstrate potential benefits. Again, the quality of evi-
dence is variable, highlighting the need for individualized and comprehensive man-
agement strategies for fibromyalgia. Other proposed nonpharmacological treatment
options include exercise therapy, electrotherapy, and hydrotherapy (Jurado-Priego
et al., 2024; Velioglu et al., 2023).

Cognitive Function

The heterogeneity of the studies describing the impact of fibromyalgia on cognition
makes it difficult to perform a comprehensive systematic review. However, a 2021
meta-analysis by Bell et al. identified 37 eligible studies for analysis where persons
with fibromyalgia (total n = 964) were compared to participants from age-matched
control groups without fibromyalgia (total n» = 1025) on a range of
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neuropsychological measures. The results demonstrated that, compared to healthy
controls, fibromyalgia was associated with lower cognitive function broadly, with
the largest impact on inhibitory control and both long- and short-term memory (Bell
et al., 2018). Tobacco smoking and high body mass index (BMI) showed an inverse
impact on cognitive dysfunction and quality of life in fibromyalgia.

Although most studies on fibromyalgia and cognitive function focus primarily on
women due to the higher prevalence of the disease among females, there is limited
research directly comparing cognitive function between women and men with fibro-
myalgia. A review by Ibraheem et al. (2021) suggests that hormonal fluctuations
(e.g., estrogen) may contribute to greater cognitive impairment in women with
FM. Moreover, women with FM frequently report higher levels of sleep distur-
bances, fatigue, and anxiety, all of which are known to exacerbate cognitive symp-
toms (Ibraheem et al., 2021). In contrast, while men with FM also report cognitive
dysfunction, most studies on male patients tend to focus on physical comorbidities
rather than cognitive issues (Ibraheem et al., 2021). This disparity makes it chal-
lenging to clearly distinguish gender-specific symptom profiles from potential
underreporting of cognitive complaints in men.

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

Myalgic encephalomyelitis (ME), also known as chronic fatigue syndrome (CES),
is a debilitating disorder characterized by profound and persistent fatigue that is not
alleviated by rest and cannot be explained by another medical or psychiatric condi-
tion (CDC, 2023). Beyond chronic fatigue, individuals with ME/CFS often experi-
ence a range of other symptoms, including unrefreshing sleep, muscle and joint
pain, headaches, cognitive difficulties, and flu-like symptoms (CDC, 2023). These
symptoms significantly impair daily functioning, and the unclear etiology of the
condition presents challenges for both diagnosis and treatment.

A closely related concept is severe fatigue, which shares some characteristics
with ME/CFES but differs in important ways. Severe fatigue is defined as persistent
exhaustion lasting for at least 6 months, with a marked reduction in normal activi-
ties at work or home (Palacios et al., 2023). However, unlike ME/CFS, severe
fatigue lacks at least four of the additional symptoms, such as cognitive impairment,
unrefreshing sleep, or postexertional malaise, which are necessary for a ME/CFS
diagnosis (Palacios et al., 2023). This distinction underscores the complexity of
fatigue-related disorders and the need for nuanced diagnostic approaches.



10  Chronic Health Conditions 295
Epidemiology

Per the CDC’s National Center for Health Statistics (NCHS) Data Brief from
2021/2022, approximately 1.3% of adults in the United States reported ME/
CFS. The prevalence of ME/CFS is notably higher among women, with 1.7% of
women affected compared to 0.9% of men (CDC). Additionally, the prevalence var-
ies by race and ethnicity with 1.5% of white non-Hispanic/Latinx adults report hav-
ing ME/CFS, compared to 0.8% of Hispanic/Latinx adults and 0.7% of Asian
non-Hispanic/Latinx adults. Additionally, Collin and Crawley’s (2017) cohort
study, which analyzed trends across 660 general practices in the UK between 2001
and 2013, found that women were 2.4 times more likely to be diagnosed with ME/
CFS than men. This aligns with broader findings indicating the gendered burden of
chronic fatigue syndromes (Collin & Crawley, 2017). The study also reported a
peak incidence in women aged 40-49, reinforcing evidence that middle-aged
women are particularly vulnerable.

In a 2022 CDC report, 13.5% of adults aged 18 and older reported feeling very
tired or exhausted most days or every day in the past 3 months, though these cases
did not meet the threshold for severe fatigue (CDC, 2023). Across all age groups,
women consistently reported higher levels of fatigue than men. Specifically, 20.3%
of women aged 18-44 years, 15.3% aged 45-64 years, and 11.5% aged 65 and older
reported fatigue, compared to 11.0% of men aged 18—44 years, 9.7% aged 45-64
years, and 8.9% aged 65 and older (CDC, 2023). Notably, fatigue levels among
women declined steeply with age, while the decline among men was more gradual.
These data emphasize that fatigue, regardless of meeting severe fatigue or ME/CFS
criteria, is more prevalent among women than men.

Risk Factors and Presentation

The risk factors and clinical presentation of ME/CFS differ notably by gender, with
women showing unique vulnerabilities linked to biological, social, and psychologi-
cal factors. Insights from cross-sectional research, such as the UK ME/CFS Biobank,
highlight the connection between reproductive health and ME/CFS. These studies
reveal that conditions like endometriosis, pelvic pain, and amenorrhea frequently
co-occur with ME/CFS, potentially exacerbating fatigue and other symptoms
(Lacerda et al., 2019). Cohort data from the Nurses’ Health Study II underscores
that postpartum periods pose a heightened risk for ME/CFS, with hormonal shifts
and postpartum depression often linked to disease onset or symptom worsening.
Among the 41,802 female nurses who completed the online questionnaire, 102 met
the criteria for ME/CFS. These findings emphasize the significant influence of
reproductive health on the expression of ME/CFS in women (Palacios et al., 2023)
(Table 10.3).
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Table 10.3 Key factors contributing to ME/CFS in women

Risk factor Details

Gender prevalence ME/CFS significantly more prevalent in women (~3:1 female-
to-male ratio)

Gynecological conditions Higher prevalence of pelvic pain, endometriosis, and
amenorrhea among women with ME/CFS

Postpartum fatigue/ Strong correlation between postpartum depressive symptoms

depression and ME/CFS onset

Infections (mononucleosis/ Frequently reported postinfectious onset, particularly in

viral onset) adolescent girls and young women

Family history of mental Family history of anxiety linked to higher ME/CFS

health issues

Social and marital Higher risk among single, divorced, or separated women

Socioeconomic factors Women with lower income more likely to develop ME/CFS

Note: ME = myalgic encephalomyelitis; CFS = chronic fatigue syndrome

Severe fatigue—distinct from ME/CFS in diagnostic criteria but still a signifi-
cant clinical concern—was experienced by 522 female participants in the Nurses’
Health Study II cohort. The study found that severe fatigue was associated with
older age, higher BMI, and hormone therapy use, which contrasts with ME/CFS
cases that did not show these associations (Palacios et al., 2023). Additionally, par-
ticipants with severe fatigue had lower caffeine intake and higher alcohol consump-
tion, suggesting that lifestyle and behavioral factors may contribute to the severity
of fatigue in ways distinct from ME/CFS (Palacios et al., 2023). These findings
underscore the importance of differentiating between fatigue syndromes, as the risk
factors and clinical patterns of severe fatigue may diverge from those of ME/CFS,
requiring distinct management approaches.

Infections, particularly viral illnesses like infectious mononucleosis (typically
caused by the Epstein—Barr virus (EBV)), are major risk factors for ME/CFS, dis-
proportionately affecting women—especially adolescent girls and young women.
Data from the UK ME/CFS Biobank, a cross-sectional resource of biosamples and
clinical data, found that frequent colds and viral infections often preceded symptom
onset in women, underscoring the role of immune activation in disease progression
(Lacerda et al., 2019). This biobank collects various biological samples, including
blood, plasma, and RNA, alongside detailed clinical histories, facilitating research
into immunological and genetic markers relevant to ME/CFS (Lacerda et al., 2019).
Complementing these findings, Hempel et al.’s systematic review (2008)—based on
an initial screening of 643 studies, 11 of which met inclusion criteria—reaffirms
that infections frequently trigger ME/CFS. However, inconsistencies in diagnostic
methods across studies have complicated efforts to compare findings, particularly
regarding gender-specific patterns (Hempel et al., 2008). The gendered nature of
immune responses, influenced by hormonal and genetic factors, likely heightens
women’s vulnerability to postinfectious fatigue syndromes, further highlighting the
need for targeted research on gender differences (Klein & Flanagan, 2016).
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Psychosocial risk factors also play a significant role in ME/CFS development. A
family history of anxiety elevates risk—suggesting that psychological stress may
interact with biological susceptibilities to shape disease onset (Lacerda et al., 2019).
Social instability compounds these risks, with studies finding that being single,
divorced, or separated is associated with more severe disease in women (Palacios
et al., 2023). Socioeconomic factors also contribute, as highlighted by findings from
the UK ME/CFS Biobank, which identified that women with lower income are
more likely to develop ME/CFS, likely due to compounded stress and limited access
to care (Lacerda et al., 2019). These studies emphasize the need for multidisci-
plinary, biopsychosocial, gender-sensitive research, as women disproportionately
experience the social and economic burdens that can exacerbate chronic illness.

The clinical presentation of ME/CFS in women is marked by more pronounced
postexertional malaise, cognitive dysfunction, and chronic pain compared to men
(Hempel et al., 2008; Lacerda et al., 2019). These findings draw on both cross-
sectional clinical data and systematic reviews, which provide a broad overview of
patient-reported symptoms. Symptom fluctuations tied to menstrual cycles and
severe sleep disturbances—including unrefreshing sleep—pose additional chal-
lenges for disease management (Lacerda et al., 2019). Women with severe ME/CFS
report greater physical and mental impairment, as well as reduced participation in
social and economic activities, reinforcing the need for individualized care strate-
gies (Hempel et al., 2008). The integration of biobank-based studies with large-
scale longitudinal data enhances the ability to uncover nuanced gender differences
in symptom severity and disease trajectory. Understanding these distinct risk factors
and clinical patterns is essential for developing effective, evidence-based interven-
tions and ensuring equitable treatment for women with ME/CFS.

Diagnosis and Treatment

Diagnosing ME/CFS remains challenging due to the absence of definitive biomark-
ers and the overlap of symptoms with conditions like fibromyalgia, depression, and
postviral fatigue syndromes (Collin & Crawley, 2017; Hempel et al., 2008; Jason
et al., 2015). Physicians primarily use exclusion criteria to rule out infections, auto-
immune diseases, and psychiatric disorders (Hempel et al., 2008). While earlier
frameworks like the Canadian Consensus Criteria and CDC-1994 guidelines empha-
sized core symptoms, these lacked consistency in clinical use (Jason et al., 2015;
Lacerda et al., 2019).

The latest diagnostic frameworks—the NAM/IOM 2015 criteria and NICE 2021
guidelines—offer more refined criteria (Barry et al., 2024; National Academies of
Sciences, Engineering, and Medicine, 2015). Both frameworks emphasize worsen-
ing symptoms after exertion, unrefreshing sleep, and cognitive impairment or ortho-
static intolerance (Barry et al., 2024; National Academies of Sciences, Engineering,
and Medicine, 2015). These guidelines require symptoms to persist for at least 6
months, causing significant reductions in activity, with no alternative medical
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explanation. The NICE guidelines highlight fluctuating symptom severity, necessi-
tating long-term patient monitoring and referrals to specialists when appropriate
(Barry et al., 2024). Additionally, the NICE framework advises against graded exer-
cise therapy (GET), given reports of symptom exacerbation, advocating instead for
individualized care strategies (Barry et al., 2024).

Unfortunately, despite treatment advances, recovery rates of ME/CFS remain
low. A systematic review of 28 studies by Cairns and Hotopf (2005) found a median
full recovery rate of 5%, with rates varying from 0% to 31%. Partial improvements
are more common, with 39.5% showing some symptom relief, although relapses
remain frequent (Cairns & Hotopf, 2005). Collin and Crawley (2017) similarly
found that 0-8% of patients fully recover, while around 40% report gradual improve-
ment with unpredictable relapses. Employment outcomes remain poor, with only
8-30% of patients returning to work, though primary care patients often fare better
than those treated in specialized clinics (Cairns & Hotopf, 2005). This discrepancy
may result from the severity or chronicity of symptoms in specialized settings,
where patients tend to present with more complex cases, whereas primary care
patients may have milder symptoms or receive earlier interventions, which can
improve prognosis (Cairns & Hotopf, 2005).

Overall, better outcomes are linked to individualized, multidisciplinary
approaches tailored to the patient’s needs (Barry et al., 2024; Lacerda et al., 2019).
Psychological support, including cognitive behavioral therapy (CBT), may help
some patients manage symptoms, though the effectiveness of treatments varies
(Hempel et al., 2008; Lacerda et al., 2019).

Cognitive Function

Cognitive dysfunction, including “brain fog,” is a hallmark symptom of ME/CFS
and carries significant gender-specific implications. It manifests through memory
lapses, difficulties in concentration, impaired information processing, and executive
dysfunction (Hempel et al., 2008; Lacerda et al., 2019). These impairments are
notably more severe and frequent in women, especially when exacerbated by physi-
cal exertion or hormonal fluctuations, such as during menstrual cycles or postpar-
tum periods (Lacerda et al., 2019; Palacios et al., 2023). Research suggests that
hormonal changes related to reproductive health, including pregnancy and meno-
pause, further amplify cognitive difficulties, increasing the burden on affected
women (Palacios et al., 2023).

The cognitive burden women with ME/CFS experience compounds other chal-
lenges, including more severe postexertional symptom exacerbation and chronic
pain compared to men (Hempel et al., 2008; Palacios et al., 2023). These fluctua-
tions complicate both disease management and daily functioning, reducing partici-
pation in social, professional, and economic activities. Many women report that
cognitive dysfunction impairs their ability to maintain employment, manage
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household responsibilities, and engage in personal relationships, highlighting the
broader impact of ME/CFS on quality of life (Palacios et al., 2023).

Neuroimaging studies suggest structural and functional brain changes in ME/
CFS patients, such as reduced gray matter in the frontal regions responsible for
memory, decision making, and cognitive flexibility, which correlate with higher
fatigue levels (de Lange et al., 2005; Shan et al., 2016). Disrupted connectivity
between brain areas like the anterior cingulate cortex, hippocampus, and dorsolat-
eral prefrontal cortex may also underlie cognitive dysfunction, contributing to chal-
lenges in multitasking, word retrieval, and decision making (Shan et al., 2016).
Moreover, chronic neuroinflammation and immune system dysregulation, including
elevated proinflammatory cytokines such as IL-6 and TNF-a, exacerbate cognitive
symptoms (Shan et al., 2016). These immune-related mechanisms align with gen-
dered patterns in immune responses, further supporting the notion that women with
ME/CEFS are particularly vulnerable to cognitive decline (Klein & Flanagan, 2016).

Given the complexity and variability of cognitive dysfunction in ME/CFS, par-
ticularly among women, effective management requires gender-sensitive, multidis-
ciplinary interventions. Cognitive pacing strategies—where patients regulate
cognitive and physical activities to prevent exacerbations—are essential to main-
taining stability (Lacerda et al., 2019). These interventions should address both bio-
logical and psychosocial factors, ensuring that fluctuations in symptom severity and
cognitive decline do not become barriers to care or recovery.

Sleep Disorders

Sleep disorders encompass a diverse range of conditions that affect the quality, tim-
ing, and duration of sleep, leading to disturbances in sleep patterns (Karna et al.,
2024). These conditions include insomnia, sleep-disordered breathing, central dis-
orders of hypersomnolence, circadian rhythm sleep-wake disorders, parasomnia
(e.g., sleepwalking, sleep talking, bed-wetting), and sleep-related movement disor-
ders. Sleep disturbances can significantly impact daily functioning and overall
health (Karna et al., 2024).

Epidemiology

According to the CDC’s National Health Interview Survey (NHIS) 2020, across
genders, 14.5% of adults reported trouble falling asleep and 17.8% had trouble stay-
ing asleep. However, gender-specific patterns are evident. Women (20.7%) were
significantly more likely than men (14.7%) to have trouble staying asleep (Adjaye-
Gbewonyo et al., 2022). The disparities align with a meta-analysis by Zeng et al.
(2020) that pooled 13 articles meeting strict inclusion criteria. The articles covered
326,908 participants in total (139,349 females and 187,559 males) and were
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published between 1994 and 2017. From the analysis, Zeng et al. found that women
had a significantly higher prevalence of insomnia compared to men (OR = 1.58,
95% CI: [1.35, 1.85], p < 0.0001) (Zeng et al., 2020). Additionally, non-Hispanic/
Latinx White adults (21.0%) were more likely to have trouble staying asleep than
non-Hispanic/Latinx Black/African American (15.4%), Hispanic/Latinx (10.6%),
and non-Hispanic/Latinx Asian (8.7%) adults, indicating significant racial and eth-
nic disparities in sleep disturbances (Adjaye-Gbewonyo et al., 2022).

Sleep disturbances are notably prevalent among women with noncancerous
gynecologic conditions, with 33.7% reporting poor sleep quality and 6.8% report-
ing short sleep duration of less than 6 hours (Singh et al., 2014). This disparity in
sleep disturbances once again underscores the complex interplay between gyneco-
logical conditions and other health issues, revealing how conditions specific to
women can intersect with broader medical concerns. In a similar vein, hormonal
etiologies largely unique to women contribute to sleep disorders, including the hor-
monal changes associated with menarche, pregnancy, perimenopause, and meno-
pause, which significantly affect sleep patterns (Pengo et al., 2018). Please see
Chap. 11 for more details on the relationship between hormonal changes and sleep.
In brief, pregnancy induces physiological changes that can lead to sleep distur-
bances, such as increased urinary frequency, discomfort, and hormonal fluctuations
(Driver & Shapiro, 1992; Pengo et al., 2018). Menopause, or the end of menstrua-
tion, is associated with an increase in insomnia symptoms, especially difficulty
staying asleep (Baker et al., 2018). Sleep disturbances are considered a core symp-
tom of menopause by the NIH State-of-the-Science Conference (National Institutes
of Health, 2005).

Risk Factors and Presentation

Gender differences in sleep disorders, particularly insomnia and obstructive sleep
apnea (OSA), reveal significant health disparities. While women are more likely to
experience insomnia, men are diagnosed with OSA more frequently. However,
OSA is underdiagnosed in women, who often present with nonclassic symptoms
like fatigue, anxiety, or depression, instead of snoring or daytime sleepiness typical
in men (Fabozzi et al., 2024). McDermott et al. (2018) found that OSA affects 9%
of women and 17% of men aged 50-70. Women with OSA tend to experience more
hypopneas—partial obstructions—compared to men, who exhibit more full apneas
(Fabozzi et al., 2024). Additionally, women have fewer desaturation events (drops
in blood oxygen), which further complicates diagnosis and delays treatment
(Fabozzi et al., 2024). Women’s OSA cases are often complicated by coexisting
conditions such as PTSD, anxiety, and depression, making clinical management
more challenging (Foster et al., 2017) (Table 10.4).

Women’s vulnerability to stroke due to sleep apnea is particularly concerning. In
an analysis of 29,961 patients with sleep apnea syndrome (SAS) and 119,844
matched controls using Taiwan’s national health database, women under 35 years of
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Table 10.4 Key factors contributing to sleep disorders in women

Risk factor Details

Gender-specific OSA | — More hypopneas (partial airway obstructions)
patterns — Fewer desaturation events
— Nonclassic symptoms (e.g., fatigue, anxiety, and depression rather
than snoring or sleepiness)

Stroke risk and OSA | — Overall increased stroke risk

Comorbid conditions |— PTSD, depression, and anxiety

and OSA

Hormonal transitions |— Pregnancy: Hormonal changes, weight gain, and increased airway
resistance

— Postpartum: Hormonal shifts, caregiving, RLS, and hot flashes
— Menopause: Increases insomnia risk linked to anxiety, depression,
and physical symptoms (e.g., night sweats)
Chronic conditions | — Migraines, osteoporosis, chronic pain
Protective aspects — More stable circadian rhythms and less fragmented sleep

Note. OSA = obstructive sleep apnea; PTSD = posttraumatic stress disorder; RLS = restless leg
syndrome

age exhibited the highest stroke risk (Chang et al., 2014). This cohort showed a 19%
higher stroke risk overall, with younger women surpassing both older women and
men of the same age group in stroke incidence (Chang et al., 2014). This suggests
that OSA and sleep disorders may have a more detrimental effect on younger
women, especially when comorbid with psychological stressors or cardiovascu-
lar risks.

The impact of sleep disorders on women is amplified during transitional life
stages, such as pregnancy, postpartum, and menopause. During pregnancy, hor-
monal fluctuations, physical discomfort, and sleep disorders such as insomnia, rest-
less legs syndrome (RLS), and OSA significantly disrupt sleep (Baker et al., 2018;
Xu et al., 2018). These disruptions worsen as pregnancy progresses, with OSA
becoming particularly severe in the third trimester due to weight gain and increased
airway resistance, which narrow the upper airway and lead to more frequent apneic
or hypopneic events (Facco et al., 2010). Additionally, insomnia and RLS exacer-
bate sleep difficulties, contributing to fatigue and impaired daytime functioning
(Facco et al., 2012). Postpartum sleep disturbances can worsen due to hormonal
changes, caregiving demands, and the onset of RLS or hot flashes (Xu et al., 2018).
During menopause, these disruptions increase the risk of chronic insomnia, which
is linked to anxiety and depression (Baker et al., 2018).

Beyond life transitions, chronic conditions that are more prevalent in women—
such as migraines, osteoporosis, and chronic pain—also disrupt sleep quality.
Research indicates that women experience migraines at three times the rate of men,
further disrupting their circadian rhythms (Rossi et al., 2022). In addition, women
are more likely to experience conditions like osteoporosis, fractures, and back prob-
lems that impair sleep quality, leading to fragmented sleep patterns and reduced
daytime functioning (Lai et al., 2024; Zeng et al., 2020).
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While women are more likely to experience insomnia, they tend to have more
stable circadian rhythms than men, which may result in less fragmented sleep at
baseline. However, the long-term effects of insomnia are more detrimental to men’s
life expectancy, as shown by Pajédiené et al. (2024). This reinforces the need to
consider both the protective and harmful aspects of gender-specific sleep patterns
when designing effective intervention.

Diagnosis and Treatment

The prognosis and treatment of sleep disorders are influenced by the underlying
causes and the individual’s overall health. Effective management often requires a
multifaceted approach that addresses both the physiological and psychological
aspects of sleep disturbances. For example, women metabolize prescription insom-
nia medications, notably zolpidem, differently. Low levels of free plasma testoster-
one may contribute to lower CYP3A (a cytochrome enzyme present in the liver and
important in drug metabolism) which results in up to 50% higher plasma levels than
men. Clinically, this means women may require a lower dose than men to achieve
the same clinical effects of zolpidem (Cubala et al., 2010).

While cognitive behavioral therapy for insomnia has been identified as an
evidence-based treatment for insomnia broadly, and more effective in the long-run
than sleep medications, gender-specific situations require more complex multifac-
eted approaches (Mitchell et al., 2012). For example, treatment for sleep disorders
in menopausal women may include hormone replacement therapy, cognitive-
behavioral therapy for insomnia, lifestyle modifications to improve sleep hygiene,
and regular physical activity and social engagement to promote long-term brain
health in aging women (Caretto et al., 2019; Choshen-Hillel et al., 2021; Gelfo,
2024). Recognizing and addressing the gender-specific factors that contribute to
sleep disorders can enhance the effectiveness of interventions and improve long-
term outcomes for affected individuals.

Cognitive Function

Sleep disorders in women, particularly during menopause, are strongly associated
with cognitive decline and increased risk of neurodegenerative conditions (Guarnieri,
2019; Ma et al., 2020; Mosconi et al., 2021). Fluctuations in estrogen and proges-
terone impact both sleep quality and cognitive performance, as these hormones
regulate serotonin and other neurotransmitters essential for maintaining restful
sleep (Guarnieri, 2019; Harvard Health, 2022). Declines in estrogen during meno-
pause lead to disrupted sleep cycles, which impair memory consolidation and exac-
erbate cognitive issues such as brain fog and forgetfulness (Ma et al., 2020).
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Additionally, poor sleep impairs the brain’s ability to clear amyloid plaques, increas-
ing the risk of Alzheimer’s disease (Ma et al., 2020; Mosconi et al., 2021).

Postmenopausal women are particularly vulnerable to sleep disruptions, such as
insomnia and obstructive sleep apnea (OSA), which further compromise cognitive
functioning if left untreated (Guarnieri, 2019). Hormone replacement therapy
(HRT) has been effective in alleviating sleep disturbances and improving cognitive
outcomes, but it is most beneficial when initiated early in menopause (Mosconi
et al., 2021). Previously, there have been concerns about the safety of hormone
replacement therapy. However, Manson et al. (2017) found that among postmeno-
pausal women, hormone therapy was not associated with risk of all-cause, cardio-
vascular, or cancer mortality during a cumulative follow-up of 18 years. These
findings came from observational follow-up of U.S. multiethnic postmenopausal
women aged 50-79 years (N = 27,347) enrolled in two randomized clinical trials
between 1993 and 1998 and followed up through December 31, 2014 (Manson
et al., 2017).

Psychogenic Nonepileptic Seizures (PNES)

Psychogenic Non-Epileptic Seizures (PNES) are episodes that mimic epileptic sei-
zures but occur without abnormal neuronal activity, meaning they do not show the
characteristic electrical discharges on electroencephalograms (EEGs) (Benbadis &
Hauser, 2000; Popkirov et al., 2020). These events are thought to arise from psycho-
logical stressors or unresolved emotional conflicts, often linked to trauma, anxiety,
or dissociative processes. PNES is classified as a functional neurological disorder
(FND) or conversion disorder in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), reflecting the complex interaction between psychological and
somatic symptoms (American Psychiatric Association, 2013; Popkirov et al., 2020).
Unlike epilepsy, PNES involves behavioral and emotional manifestations such as
shaking, unresponsiveness, or crying, without the physical after-effects (such as
postictal confusion) typically associated with epileptic seizures (American
Psychiatric Association, 2013; Popkirov et al., 2020). Diagnosis relies heavily on
clinical history and video-EEG monitoring to capture typical events and exclude
epilepsy, as misdiagnosis is common due to overlapping symptoms (Beimer &
LaFrance, 2022).

Epidemiology

The CDC has not reported on PNES and estimates of PNES prevalence vary.
Villagran et al. (2021), who focused on a Norwegian sample, found a prevalence of
23.8 per 100,000 across all levels of diagnostic certainty. For the highest level of
diagnostic certainty, which included confirmed video-electroencephalographically,
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the prevalence was 10.6 per 100,000 (Villagran et al., 2021). The authors reported a
mean annual incidence rate (2010-2019) as 3.1 per 100,000 per year (Villagran
et al., 2021). In a systematic review investigating the prevalence and incidence of
PNES, Asadi-Pooya further examined five peer-reviewed publications. From an
analysis of the primary studies conducted in Iceland, Scotland, and the United
States, the calculated incidence rate was 3.1 per 100,000 population year (Asadi-
Pooya et al., 2023). This finding supports the study results of Villagran et al. (2021).
Additionally, Asadi-Pooya (2023) estimated prevalence rate in 2019 for the United
States was 108.5 per 100,000 population.

PNES appears to predominantly affect women, with female-to-male ratios typi-
cally reported between 2:1 and 4:1 (Asadi-Pooya et al., 2019; Tiire et al., 2019;
Villagran et al., 2021). The condition is more common in younger adult women,
with a bimodal distribution particularly noticeable after puberty and before the age
of 55 (Dworetzky & Baslet, 2017). Tiire et al. (2019) identified specific age peaks at
20-23 years and 40—43 years in women, highlighting critical periods of increased
risk. This data came from a sample of 150 patients (female:male = 92:63) aged
13-67 who were diagnosed with PNES via video monitoring electroencephalogram
(EEG) between 2010 and 2017 (Tiire et al., 2019).

These recent epidemiological studies underscore that PNES is not uncommon,
especially in epilepsy monitoring units, where it accounts for 10-40% of cases
evaluated for refractory seizures (Asadi-Pooya et al., 2023; Villagran et al., 2021).
This suggests that PNES is often underdiagnosed in community settings, as many
cases are initially mistaken for epilepsy due to overlapping motor and cognitive
symptoms (Beimer & LaFrance, 2022). The variability in prevalence and inci-
dence estimates may reflect methodological differences and limited access to spe-
cialized care across regions. For example, delays in diagnosis range from 5 to 10
years, which may contribute to underestimating the true prevalence (Asadi-Pooya
et al., 2023). Additionally, socioeconomic and cultural factors influence recogni-
tion and reporting, particularly in men, whose emotional distress may be cultur-
ally discouraged, contributing to diagnostic delays (Beimer & LaFrance, 2022).

Risk Factors and Presentation

Although PNES shares several overlapping features between women and men—
such as the absence of abnormal brain activity on EEG and the presence of physi-
cal symptoms—specific manifestations differ between genders (Oto et al., 2005).
For instance, weeping episodes are far more common among women. Oto et al.
(2005) found that women were three times more likely than men to cry during or
after seizures (p = .012), and Tiire et al. (2019) reported that 20.6% of women with
PNES exhibited crying episodes during events, whereas none of the men did. In
contrast, intense physical movements, including jerking or shaking actions that
mimic generalized or tonic—clonic seizures, tend to appear more frequently in men
(Tiire et al., 2019). Additionally, arched-body postures and repetitive hip
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movements are more often seen in men (Tiire et al., 2019). Although aggressive
behavior is more commonly observed during episodes in men, the difference was
not statistically significant (Oto et al., 2005). These patterns may reflect cultural
norms and societal expectations about emotional expression—where women are
more socially accepted in expressing distress through crying, while men tend to
externalize stress through physical actions or aggressive movements. Interestingly,
both women and men experience fainting-like episodes at similar rates, challeng-
ing the notion that responses to psychological stressors are entirely gender-spe-
cific (Tiire et al., 2019). When discussing the origins of their seizures, men were
more likely to attribute their PNES to factors related to epilepsy (p = .001), while
women were over eight times more likely to report sexual abuse as a predisposing
factor (p = .001; Oto et al., 2005). This further supports the notion that trauma-
related experiences are disproportionately reported by female PNES patients
(Table 10.5).

Psychiatric comorbidities are significantly associated with PNES, with depres-
sion, anxiety disorders, and trauma histories—including physical and sexual
abuse—more prevalent among women than men (Asadi-Pooya et al., 2019;
Dworetzky & Baslet, 2017). Borderline personality disorder (BPD) is also more
frequently diagnosed in women with PNES, consistent with findings that trauma
and emotional dysregulation are key features of this population (Jones &
Rickards, 2021).

In a recent study of United States military Veterans, similar patterns were
observed: women with PNES were nearly three times more likely than men to be
diagnosed with depression (76.7% vs. 26.3%), BPD (18.9% vs. 4.7%), or a history
of childhood sexual abuse (37.8% vs. 11.6%) (Sullivan-Baca et al., 2022). Women
were also nearly twice as likely to report suicidality (65.6% vs. 33.7%). In con-
trast, men were more than four times as likely to be diagnosed with a substance use
disorder (37.2% vs. 8.9%). This study drew on matching (age and seizure diagno-
sis) a sample of male Veterans (PNES n = 87, ES n = 28) with a previously

Table 10.5 Gender differences in PNES risk factors and symptoms

Women with PNES Men with PNES
Key PNES factors
Psychiatric Higher rates depression, borderline | Higher rates substance use
comorbidities personality disorder, suicidality disorders
Attribution of Sexual abuse Epilepsy-related causes

seizures
Trauma histories | Higher report childhood sexual abuse | Less likely to report trauma history

Symptoms
Emotional Crying, weeping episodes Rarely report crying
Motor Less frequent motor activity Jerking, hip thrusting, arched back
positions (opisthotonos)
Aggression Less commonly aggressive More aggressive behavior observed
Fainting Fainting episodes common in men and women

Note. PNES = Psychogenic nonepileptic seizures
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gathered female Veteran sample (PNES n = 90, ES n = 28). Conversely, men were
over four times more likely to be diagnosed with substance use disorders (SUDs),
reflecting distinct gendered coping mechanisms (Sullivan-Baca et al., 2022).

Diagnosis and Treatment

The prognosis for individuals with PNES remains uncertain, with mixed outcomes
reported across different populations. Durrant et al. (2011), who examined 18 stud-
ies (published from 1990 to 2010) in their systematic review, found that prognosis
tends to be poor for adults with PNES, especially when seizure recurrence is used
as the primary outcome measure. However, children with PNES showed better out-
comes, likely due to earlier intervention and family involvement in treatment plans
(Durrant et al., 2011). These findings underscore the importance of early diagnosis
and timely therapeutic intervention to improve prognosis.

Research demonstrates that cognitive behavioral therapy (CBT) is effective in
reducing seizure frequency and improving quality of life in PNES patients, though
studies have used varying sample sizes and methodologies. For example, LaFrance
et al. (2014) conducted a randomized controlled trial (RCT) with 38 participants
across three sites. The authors compared cognitive behavioral therapy informed
psychotherapy (CBT-ip) alone, CBT-ip plus sertraline, sertraline alone, and care as
usual. Their findings revealed that CBT-ip led to significant reductions in seizure
frequency (51.4%) and significant improvement in secondary measures such as
depression, anxiety, global functioning, and daily life over the course of the 16-week
study period (LaFrance et al., 2014). The CBT-ip with sertraline arm also showed
seizure reduction (59.3%) and significant improvements in global functioning
(LaFrance et al., 2014). Interestingly, the sertraline-only arm did not show a reduc-
tion in seizures (LaFrance et al., 2014). This distinction is important because PNES
patients often experience comorbid psychiatric conditions such as anxiety and
depression, which are typically managed with selective serotonin reuptake inhibitor
(LaFrance et al., 2014). Thus, clinicians should know that the SSRI, while important
for other conditions, is not sufficient treatment for PNES. Critically, the authors of
the study noted that further research is needed to evaluate the durability of these
effects beyond the trial period (LaFrance et al., 2014). In a later report, LaFrance
et al. (2020) noted that the flexibility of CBT delivery through both in-person ses-
sions and telehealth platforms has improved access to care, particularly for patients
in rural areas or regions lacking specialized clinicians (LaFrance et al., 2020).

Gender-related differences have also been observed in PNES treatment out-
comes. In a retrospective cohort study of 260 participants seen in a PNES clinic
from 1999 to 2004, McKenzie et al. (2010) reported that women exhibited less
sustained improvements in seizure outcomes than men. The study suggested that
structured interventions targeting externalized symptoms—such as physical agita-
tion—were more beneficial for men (McKenzie et al., 2010). By contrast, Carton
et al. (2003), in a study of 84 patients diagnosed with PNES who answered



10  Chronic Health Conditions 307

questionaries and participated in interviews, found that females were more likely to
have a better prognosis (e.g., reduced seizure frequency, improved coping) when
treatment included psychological interventions. These findings point to the need for
gender-sensitive treatment approaches that account for the distinct ways men and
women express and cope with stress (Carton et al., 2003; McKenzie et al., 2010;
Oto et al., 2005). Women, for instance, may benefit from trauma-focused interven-
tions due to their higher likelihood of reporting abuse histories, while men may
require treatments that address substance use disorders and externalized stress
responses (Sullivan-Baca et al., 2022).

Cognitive Function

Cognitive dysfunction, including frontal lobe domain deficits and attention deficits
(Simani et al., 2019), is frequently reported in individuals with PNES, but the nature
and impact of cognitive impairment often differ between women and men. Women
with PNES are more likely to report subjective memory complaints and emotional
interference with cognitive functioning, often linked to co-occurring depression,
anxiety, and trauma histories (Carton et al., 2003; Oto et al., 2005; Sullivan-Baca
et al., 2022). These emotional comorbidities appear to amplify cognitive issues, as
emotional regulation and cognitive processing are closely intertwined (Storbeck &
Clore, 2007). In contrast, men with PNES are more prone to display externalizing
behaviors, such as impulsivity or aggression, which can interfere with cognitive
performance, particularly in tasks requiring sustained attention and problem-solving
(Sullivan-Baca et al., 2022). Additionally, substance use disorders, which are more
common in men with PNES, further impair cognitive function by disrupting mem-
ory and executive control processes. While women’s cognitive difficulties are often
tied to emotional dysregulation and trauma-related dissociation, men’s cognitive
challenges may reflect behavioral dysregulation and external stressors, such as dif-
ficulties managing interpersonal conflicts. These differences highlight the need for
gender-sensitive neuropsychological assessments that account for both emotional
and behavioral factors contributing to cognitive dysfunction. Tailoring cognitive
interventions—such as trauma-focused therapy for women and executive function-
ing support for men—may improve outcomes and enhance quality of life for indi-
viduals with PNES (LaFrance et al., 2014; Popkirov et al., 2020).

Long COVID

Postacute sequelae of SARS-CoV-2 infection (PASC), commonly called long
COVID, describes symptoms that persist for at least 3 months beyond the acute
phase of COVID-19 (Ely et al., 2024a, 2024b). Common symptoms include persis-
tent fatigue, respiratory difficulties (e.g., dyspnea), chest pain, cognitive
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dysfunction (“brain fog”), and sleep disturbances (Ely et al., 2024a, 2024b). These
symptoms can significantly impair daily functioning and quality of life, making
long COVID a relatively new public health issue. The research into long COVID is
ongoing and continues to evolve

Epidemiology

According to a 2022 report from the CDC, 6.9% of U.S. adults reported experienc-
ing long COVID in their lifetime, with prevalence rates exceeding 8.8% in seven
states. Additionally, 3.4% of adults were currently experiencing long COVID symp-
toms. A 2022 National Center for Health Statistics CDC report indicated that 8.5%
of women and 5.2% of men reported having ever had long COVID, with 4.4% of
women and 2.3% of men currently experiencing it. Symptom clusters are more
common in women aged 20 years or older (10.6%) compared to men (5.4%) 3
months after symptomatic SARS-CoV-2 infection (Global Burden of long COVID
Collaborators, 2022).

Risk Factors and Presentation

A prospective cohort study at San Paolo Hospital in Milan, Italy, enrolled 377
patients hospitalized for COVID-19 through the outpatient service and monitored
them during follow-up. Long COVID was observed in 69% of patients, with 81.7%
of these being women. In terms of symptoms, women were more than twice as
likely to present with myalgia—arthralgia (11.7% vs. 5.0%) and almost three times
as likely to present with chest pain (7.3% vs. 2.5%; Bai et al., 2022). In contrast,
women were less likely smokers and presented with lower rates of respiratory
symptoms such as cough (44.5% vs. 57.1%) and dyspnea (39.4% vs. 44.6%; Bai
et al., 2022). Interestingly, while women are more likely to develop long COVID,
they are slightly less likely than men to report activity limitations due to the condi-
tion (women 78.8% vs. men 81.0%) (Cohen & van der Meulen Rodgers, 2023).

Cognitive Function

Cognitive dysfunction is a key feature of long COVID, with growing evidence
suggesting that its impact differs between women and men. In a cohort from the
Real-Time Assessment of Community Transmission (REACT) study in England,
Hampshire et al. (2024) estimated a global cognitive score across eight tasks.
Out of the 112,964 participants who completed the cognitive assessment and
questionaries, women were found to report cognitive impairments more
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frequently than men, particularly in the form of concentration difficulties and
memory problems. These impairments also translated into functional chal-
lenges—women reported difficulty managing household responsibilities and
work-related tasks due to issues with memory recall and focus. In contrast, men
primarily experienced slower decision making, particularly in tasks that required
rapid responses.

This finding aligns with research by Zhao et al. (2024), who employed objective
cognitive assessments such as the simple reaction time (SRT) and number vigi-
lance test (NVT). Their results confirmed gender-based differences in cognitive
dysfunction, with women experiencing greater difficulties in attention and mem-
ory, while men showed more pronounced impairments in psychomotor speed and
response time.

One possible explanation for the higher prevalence of cognitive dysfunc-
tion in women is the greater burden of comorbidities such as anxiety, depres-
sion, and sleep disturbances—conditions known to impair cognitive function
(Zhao et al., 2024). A multicenter study involving 270 participants with post-
COVID condition from Germany and the UK found that fatigue and anxiety
were more prevalent among women with long COVID, exacerbating the sever-
ity of their cognitive symptoms (Zhao et al., 2024). This combination of phys-
ical and psychological factors may contribute to a greater cognitive burden in
women, impacting their ability to function in daily life more significantly
than in men.

In addition, the inflammatory response to COVID-19 may influence cognitive
outcomes differently across genders. Research suggests that women tend to have
stronger immune responses, which could intensify neuroinflammatory processes
associated with long COVID-related cognitive dysfunction (Hampshire et al.,
2024). This heightened immune activation may help explain the higher prevalence
of brain fog and memory problems reported by women.

Research Takeaways

The gender-based differences in the experience, diagnosis, and treatment of chronic
medical conditions such as chronic pain, fibromyalgia, CFS, sleep disorders, PNES,
and long COVID highlight the critical need for more nuanced and targeted research.
These disparities reflect not only biological differences but also the significant influ-
ence of psychological, social, and cultural factors on health outcomes. Future
research should prioritize the following:

* Identification and validation of gender-specific biomarkers and gender-specific
differences in immune response, which could lead to more accurate diagnoses
and personalized treatments.
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* Adopting an intersectional approach in studies is essential to understanding how
factors like race, ethnicity, socioeconomic status, and sexual orientation interact
with gender to affect the prevalence, severity, and management of these condi-
tions. Addressing these complexities can help mitigate the disparities observed in
certain populations, such as the higher prevalence of chronic pain among
American Indian/Alaska Native adults.

* There is a pressing need for long-term studies to assess the effectiveness of
gender-specific treatments. For instance, while cognitive-behavioral therapy
(CBT) has shown promise in treating PNES, its long-term efficacy across differ-
ent genders remains underexplored. Similarly, understanding the long-term out-
comes of various treatment approaches for chronic pain, sleep disorders, and
other conditions will be crucial in developing more effective and equitable
healthcare strategies.

Clinical Takeaways

Clinicians should be acutely aware of the gender-based differences in the presen-
tation, diagnosis, and treatment of chronic conditions. A personalized approach
to care is essential, recognizing that women and men may experience symptoms
differently, respond to treatments variably, and face unique challenges due to
societal and psychological factors. The following points are of particular
salience:

* Women may require a more comprehensive evaluation that includes consider-
ation of hormonal influences and psychosocial stressors, particularly in condi-
tions like fibromyalgia and chronic fatigue syndrome.

* In managing chronic pain, it is important to consider that women are more
likely to report higher pain intensity and may benefit more from interdisciplin-
ary pain management programs.

* Gender-specific risks, such as the higher likelihood of sleep disorders and
PNES in women, should guide the selection of appropriate diagnostic tools
and therapeutic interventions.

e Trauma informed care—women with PNES are more likely to have trauma
histories, clinicians should integrate trauma-informed approaches into their
care plans.

* Clinicians must also be vigilant about the potential for gender biases in treat-
ment, ensuring that all patients receive equitable care tailored to their indi-
vidual needs.
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Chapter 11 )
Pregnancy, Menopause, and Other i
Hormonal Factors

Jessica Rohr, Elisabeth Netherton, and Hannah Combs

Introduction

Historically, the medical community has often viewed puberty, pregnancy, and
menopause through the narrow scope of their effects on female reproductive organs,
emphasizing their roles in physiological readiness for conception and childbearing.
This perspective has traditionally overlooked the critical neuroendocrine signals
and pathways essential for these processes, which have systemic effects throughout
the body. Recent decades of research have shed light on how fluctuations in repro-
ductive hormones can have significant, system-wide physiological impacts. These
effects are far-reaching, both spatially within the body and temporally over time,
with some persisting long after the initial hormonal changes. While research in this
domain has traditionally focused on reproductive hormones and cognitive function
during pregnancy, it is now recognized that these hormones fluctuate continuously
over the lifespan. This has opened new avenues of research into how these hormonal
variations correlate with cognitive shifts at various stages of a woman’s life.

This chapter will explore the latest research on subjective cognitive experiences
and objective cognitive functioning as they relate to changes in reproductive hor-
mones throughout a woman’s life. It will cover key developmental milestones such
as puberty, pregnancy, postpartum, and menopause, as well as examine other factors
influencing reproductive hormones, including hormonal contraception, hormone
replacement therapy, as well as gender-affirming hormonal therapy. Additionally,
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the chapter will offer insights for researchers and healthcare professionals looking
to incorporate this knowledge into their practice.

Overview of Women’s Reproductive Hormones

Reproductively active hormones we will outline here include estrogen, progester-
one, testosterone, anti-Miillerian hormone, follicular stimulating hormone, and
luteinizing hormone. These hormones are well conserved across mammalian spe-
cies and while they are known for effects within the reproductive system, we
increasingly appreciate their role in mediating other biological processes, particu-
larly those processes with cascading changes seen during puberty, the menstrual
cycle, pregnancy, or menopause. These effects occur far from their location of pro-
duction as the hormones are carried through the bloodstream and act on hormone-
specific receptors, and rather than being uniform effects of hormones on cognitive
processes are often variable depending on timing, concentration, duration, and pres-
ence of other regulatory factors.

Estrogen

See Table 11.1 for an abbreviated overview of reproductive hormones. Estrogen is a
neuroactive steroid that has historically been considered “the” female hormone but,
in fact, has important effects in both women and men and is found across vertebrate
species. Estrogen acts on estrogen receptors both on the cell membrane and inside
the cell, where it impacts gene expression. The effects of estrogen are myriad, and
many are beyond the scope of this chapter, including in the development of muscle,
bone density, health of connective tissue, regulation of weight and metabolism,
regulation of fluid balance, anti-inflammatory properties, and health of blood ves-
sels. Here, we will focus our attention on estrogen’s regulatory effects for the men-
strual cycle and the nervous system.

Estrogen is produced from testosterone and androstenedione through the action
of aromatase and is found in four forms in the human body: estrone (E1), estradiol
(E2), estriol (E3), and estetrol (E4). During reproductive years in women, serum
levels of estradiol are highest, whereas, during pregnancy, estriol predominates and
after menopause estrone predominates. During puberty, estrogen is responsible for
development of mammary gland tissue, and in the menstrual cycles that follow, it
regulates growth of the endometrial lining. While estrogen is predominantly pro-
duced by the ovaries in reproductive age women, it is also synthesized in other body
tissues including adipose tissue, brain, bone, liver, pancreas, and skin (Gardner &
Shoback, 2007).

Animal studies, predominantly conducted in rodents, inform our understanding
of the role of estrogen in specific domains of cognitive functioning, both through
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Table 11.1 Overview of reproductive hormones and influence on the brain

Hormone Purpose Influence on the brain

Estrogen Numerous, including regulation of Improves verbal working memory
menstrual cycle, development of and attention, potentially reducing
mammary gland tissue, regulation of cognitive decline risk
bone density, and more postmenopause

Progesterone Thickens endometrium, maintains Anxiolytic and mood-supporting
pregnancy, prevents uterine properties through its metabolite
contractions allopregnanolone

Testosterone Sexual functions, cardiovascular Neuroprotective in men, potential
health, muscle development, bone improvement in cognitive
functions functioning in older men

Follicle- Triggers development of ovarian No direct influence on the brain

stimulating follicles prior to ovulation

hormone (FSH)

Luteinizing Regulates estrogen production, triggers | Affects hypothalamus and

hormone (LH) ovulation hippocampus, potentially involved

in Alzheimer’s disease pathology

Anti-Mullerian | Regulates folliculogenesis, indicates Receptors found in hypothalamus,
hormone (AMH) | ovarian reserve pituitary, and neurons; regulated by
inflammatory markers

rapid effects mediated by estrogen receptors embedded in cell membranes and
through slower effects mediated via changes in gene expression. Decreased estro-
gen following menopause is associated with increased risk of cognitive decline, and
that risk increases for women who experience that decrease in estrogen earlier due
to ovariectomy. Some studies find this risk may improve through use of hormone
replacement therapy; though, other findings have not supported this effect.
Variability in estrogen formulations and timing may contribute to inconsistency in
these findings (Burnham et al., 2017). However, trends seen with estradiol adminis-
tration generally indicate improvement in verbal working memory and attention,
likely via effects in prefrontal circuits (Duff & Hampson, 2000; Joffe et al., 2006;
Krug et al., 2006).

Progesterone

Progesterone is a neuroactive steroid produced in the adrenal cortex and ovaries. Its
reproductive impacts include thickening of the endometrium to facilitate implanta-
tion during pregnancy, thickening of the cervical mucus, and helping to maintain the
pregnancy. During the menstrual cycle, progesterone is produced by the ovary,
which prevents further development of the endometrium and contributes to cellular
changes that allow for the lining of the uterus to be sloughed. During pregnancy, the
corpus luteum secretes progesterone, which helps to maintain the pregnancy, as the
pregnancy progresses progesterone is produced by the placenta and plays a critical
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role in preventing uterine contractions until labor begins. Progesterone may also
have some effects in preventing immunologic rejection of the pregnancy (Gardner
& Shoback, 2007).

Like estrogen, receptors for progesterone are found throughout the body, includ-
ing in the GI tract, lungs, pituitary, liver, kidney, bladder, adrenals, skin, and the
brain (Asavasupreechar, 2020). Much of recent work on cognitive effects of proges-
terone involves research into allopregnanolone, a progesterone metabolite with
findings supporting anxiolytic and mood-supporting properties (Edinoff et al., 2021;
Schiller et al., 2016). Research examining the benefit of direct administration of
progesterone and progesterone derivatives for mood and anxiety is highly mixed,
likely indicating importance of timing and formulation on disease states and out-
comes. Forexample, while allopregnanolone has now come to market as Brexanolone
for postpartum depression (Hutcherson et al., 2020), altered response to allopreg-
nanolone in women with premenstrual dysphoric disorder (PMDD) may be impli-
cated in the negative mood changes associated with PMDD. Symptoms of PMDD
have not shown benefit from administration of progesterone (Freeman et al., 1995).
Rather, Freeman et al. found in their study examining allopregnanolone levels in
women with PMDD treated with antidepressants that in patients whose depression
improved allopregnanolone levels in fact decreased (Freeman et al., 2002).
Administration of progesterone-only hormonal contraception, along with combined
hormonal contraception, has further been associated with depression in some
women (Skovlund et al., 2016).

Testosterone

Testosterone, often overlooked in female physiology, is present at higher concentra-
tions than estrogen in reproductive age women and is synthesized in the ovaries as
well as in other organs, including the skin and adipose tissue, from steroid precur-
sors made in the adrenal glands and the ovaries. While the ovaries begin to produce
testosterone as women begin to ovulate, production peaks in the 20s and 30s and
then declines thereafter. It is associated with sexual functions, including libido and
arousal, cardiovascular health, muscle development, and bone functions (Gardner &
Shoback, 2007).

Testosterone is found in some studies to be neuroprotective in men, with lower
testosterone levels found in men diagnosed with Alzheimer’s disease, and some
studies finding improvement in cognitive functioning through administration of tes-
tosterone in older men (Holland et al., 2011). While the role of testosterone replace-
ment postmenopause is understudied in women, evidence supports improvement in
sexual functioning and sense of general well-being when given as part of hormone
replacement therapy regimens (Davis & Wahlin-Jacobsen, 2015). At this time, there
is insufficient evidence of how changes in testosterone level with aging may impact
cognition in women or whether testosterone replacement postmenopause is indi-
cated for neuroprotective properties; however, multiple small studies have indicated
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potential benefit for cognitive domains such as verbal learning, and this remains a
promising area for future research (please see Davis and Wahlin-Jacobsen (2015)
and Islam et al. (2019) for excellent reviews of this topic).

Other Reproductive Hormones

Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are glycoprotein
hormones produced by gonadotropic cells in the adenohypophysis of the pituitary
gland. FSH is released as it is made, whereas LH is produced, stored, and then
released when triggered. Gonadotropin releasing hormone (GnRH) triggers the
release of both FSH and LH. FSH triggers the development of ovarian follicles prior
to ovulation, and FSH receptors are found on developing follicles (Gardner &
Shoback, 2007).

LH is involved in regulation of estrogen production in the ovaries, and high
estrogen levels suppress LH production. While FSH triggers development of ovar-
ian follicles prior to ovulation, during the menstrual cycle a surge in LH concentra-
tion for around 48 h mid-cycle leads to the development of the oocyte with
progression of Meiosis 1 and triggers ovulation. LH also triggers production of
vascular endothelial growth factors by the granulosa cells.

LH crosses the blood brain barrier and is noted to have effects on the hypothala-
mus and the hippocampus. Human chorionic gonadotropin (HCG), produced by the
placenta during pregnancy, also crosses the blood brain barrier and, given its struc-
tural similarity to LH, binds to LH receptors. There is observational evidence that
high LH, resulting from low estrogen levels, may be involved in the pathology of
Alzheimer’s disease, and rodent studies support a link between difficulties with
special memory and high LH levels concomitant with low estradiol/testosterone
levels (Holland et al., 2011).

Anti-Mullerian hormone (AMH) is produced by the granulosa cells of develop-
ing follicles and serves to regulate folliculogenesis; levels of AMH change as the
follicles develop. Levels of AMH in the serum also indicate degree of ovarian
reserve. AMH is produced throughout the female lifespan, beginning by the time
gestation is complete until menopause. Similar to other hormones discussed above,
AMH receptors are found throughout the body, including in the hypothalamus, pitu-
itary, and neurons (including motor neurons) (see Di Clemente et al., 2021 for
review). AMH is also made in the hypothalamus and the pituitary and is regulated
by levels of estrogen, LH, and FSH. Studies suggest that in both animals and humans
AMH is likely regulated by inflammatory markers, including vascular endothelial
growth factor and TNF-alpha. Fu et al. (2018) further showed a decrease in AMH in
response to chronic unpredictable mild stress in rodents, and Hardy et al. (2016)
showed dysregulation of AMH in human women with chronic abdominal pain, a
disease state associated with stress. This is notable because data supports an asso-
ciation between both interfertility and early ovarian failure and increased risk for
onset of dementia (Liang et al., 2024; Karamitrou et al., 2023).
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Puberty and the Menstrual Cycle

Postinfancy (during which the GnRH secretory system is temporarily active; Morris
et al., 2004) reproductive hormones are in a quiescent state until the initiation of
puberty. Puberty begins when the GnRH system secretes GnRH in a pulsatile man-
ner, thus leading to the release of LH and FSH and subsequent steroidogenesis and
gametogenesis in the gonads (DiVall & Radovick, 2008). Though there is detectable
LH and FSH activity prior to menarche, primarily during sleep, reproductive hor-
mones levels increase as girls progress through stages of puberty (Apter et al., 1993;
Hansen et al., 1975). Toward the end of the pubertal transition, after a year-long
increase in estradiol, menarche occurs (Legro et al., 2000). Regulation of the cycle
varies among girls, though it generally takes up to a year for the cycle to become
fully established, including ovulation (DiVall & Radovick, 2008).

The menstrual cycle is divided into the follicular phase and the luteal phase
(Chappell et al., 2014). The first days of the follicular phase are marked by menses,
during which time estrogen and progesterone are relatively low (i.e., low for the
menstruating person). After menstruation, in the mid-follicular phase, levels of cir-
culating estradiol increase. Over the late follicular phase, there is a steep increase in
estrogen immediately prior to ovulation and a rapid decline at and after ovulation
(Farage et al., 2009). Also, during the late follicular phase, there is a surge in LH
which then initiates an increase in progesterone, leading to an increase in FSH
(Reed & Carr, 2015). At this time, testosterone concentration peaks and remains
high through the luteal phase (Rothman et al., 2011). If there is no implantation of
a fertilized egg, progesterone then decreases in the luteal phase, leading to the
sloughing of the endometrial lining (menses) and the cycle beginning again (Reed
& Carr, 2015). See Fig. 11.1 for a visualization of hormonal variation across the
menstrual cycle (reproduced with permission from Iacovides et al., 2015).

Subjective Cognitive Concerns

For healthy women, there is little data regarding the prevalence of cognitive com-
plaints during different phases of the menstrual cycle, although limited data on
women’s perception of their memory abilities suggests that perceived memory
worsens in the luteal phase (Zare et al., 2013). Cognitive complaints are a common
feature of disorders associated with the menstrual cycle, including premenstrual
syndrome and premenstrual dysphoric disorder (PMDD). Research on PMDD sug-
gests increased subjective cognitive concerns (such as worse executive functioning,
concentration difficulties, and forgetfulness) in the mid- to late-luteal phase, often
referred to as the premenstrual phase (Meza-Moreno et al., 2021; Souza et al., 2012).
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Fig. 11.1 Hormonal variations across the menstrual cycle. Note: Adapted from Iacovides
et al. (2015)

Objective Cognitive Change

Overall, objective findings of cognitive changes and deficits across the menstrual
cycle are equivocal. Sex dimorphism of cognitive skills has predominated as the
prevailing theory linking menstrual cycle phases to cognition. This theory suggests
that the early follicular phase is associated with better performance on visuospatial
tasks, or “male-favoring” tasks, due to lower levels of female reproductive hor-
mones, and the late follicular through mid-luteal phases (marked by increased estro-
gen and/or progesterone) are associated with improved verbal fluency and verbal
memory, or “female-favoring” tasks (Sundstrom & Gingnell, 2014). However, in a
comprehensive review of primarily longitudinal (within-subject) designs by
Sundstrom and Gingnell in 2014 (replicated in 2018), visuospatial ability (assessed
as mental rotation performance, spatial perception, spatial visualization, navigation
tests, and object location tests) did not show a consistent relationship with men-
strual cycle phase. Several reports do suggest improved functioning during phases
of low estrogen and progesterone (Courvoisier et al., 2013; Hampson et al., 2014;
Haussman et al., 2000; Maki et al., 2002), though several others reported no effect
of phase (Dietrich et al., 2001; Epting & Overman, 1998; Gordon & Lee, 1993;
Griksiene & Ruksenas, 2011; Halari et al., 2005; Kozaki & Yasukochi, 2009;
Mordecai et al., 2008; Schoning et al., 2007). The same review also suggests no
consistent pattern across the menstrual cycle for verbal tasks (assessed as verbal
fluency, verbal recall, semantic retrieval, and implicit verbal memory; Sundstrom &
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Gingnell, 2014). Though studies focused on behavioral measures of verbal abilities
are inconsistent, neuroimaging studies provide more consistent findings supporting
the impact of estradiol levels in the frontal cortex on brain activation during verbal
memory and fluency tasks. However, these neuroimaging findings do not necessar-
ily reflect actual menstrual phase, so much as relative level of estradiol (as estradiol
levels are low/high at various times throughout the cycle; Beltz & Moser, 2020).

Studies on changes in executive functioning across the menstrual period have
demonstrated similarly inconsistent findings, due primarily to methodological
choices (e.g., heterogeneity of tests measuring the broad executive functioning
domain; Le et al., 2020). Emotion-related cognition may be more consistently
related to menstrual cycle phases, with evidence suggesting emotion-related cogni-
tive processes such as fear conditioning, emotional facial recognition, and emotion
processing may worsen during the luteal phase (Le et al., 2020).

Mechanisms of Cognitive Change

Though findings are inconclusive regarding the traditional sex dimorphism hypoth-
esis, there is evidence of hormonal influence on brain activation patterns that fluctu-
ates through the cycle. A 2019 fMRI study in 36 naturally cycling women
demonstrated enhanced hippocampal activity during the late follicular (higher estra-
diol) phase and enhanced fronto-striatal activation during the luteal (high progester-
one) phase in the absence of impact on task performance (Pletzer et al., 2019). This
and other neuroimaging studies support the likely influence of sex hormones on
cognitively important brain structures, potentially in subtle ways that are not accu-
rately captured by tasks attempting to demonstrate male- and female-favoring skills
(Le et al., 2020).

Because studies on cognitive change across the menstrual cycle are observa-
tional, determination of causality by sex hormones is hindered by several concomi-
tant factors that also impact cognition. Sleep issues are common in the premenstrual
period, with one-third of women reporting disruption premenstrually and up to 66%
of women with PMDD reporting sleep disturbance (Bakhshani et al., 2009; Meers
& Nowakowski, 2020). Given the well-documented relationship between sleep
issues and impaired cognition (Leong & Chee, 2023), any hormonal influence on
cognitive performance must be understood in the context of sleep disturbances.
Mood changes and their impact on cognitive performance may also contribute to the
pattern across the menstrual cycle (Walters & Hines-Martin, 2018).
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Risk and Resilience Factors

Severity of premenstrual symptomatology may act as a risk factor for cognitive
changes across the menstrual cycle. Importantly, women with PMS/PMDD do not
have absolute differences in hormone levels from healthy controls; rather, they are
theorized to have a unique vulnerability to hormone changes (Hantsoo & Epperson,
2015). Studies are limited in nature and marked by methodological concerns, but
current evidence is consistent with cognitive deficits specifically in some aspects of
executive functioning when premenstrual symptoms are more severe (Le etal., 2020).

Pregnancy and Postpartum

A woman becomes pregnant when a fertilized egg successfully implants in the
endometrium after ovulation. Progesterone levels remain elevated and increase
throughout pregnancy so that the endometrial lining does not slough, lactation does
not prematurely occur, and contractions do not prematurely occur (Putnam et al.,
1991). At and after birth, progesterone levels drop sharply, promoting lactation and
continued expulsion of uterine matter through contractions (Goletiani et al., 2007).
Estrogen also rises steadily throughout the pregnancy with a sharp drop at delivery,
reaching prepregnancy levels by day 5 postpartum (Speroff & Fritz, 2005).

Subjective Cognitive Concerns

“Mom brain” or “pregnancy brain” has been the subject of popular news articles,
blog posts, and books for decades. Reviews and meta-analyses strongly support the
subjective memory concerns of pregnant and postpartum women. In a meta-analysis
of 11 studies evaluating subjective memory concerns, significant and moderate neg-
ative effects for pregnancy and the postpartum period were found (Anderson &
Rutherford, 2012). Consistently, over 80% of women report some level of cognitive
change from baseline during pregnancy and postpartum (Parsons & Redman, 1991;
Poser et al., 1986). Most reported that these concerns did not become impairing
until the second or third trimester of pregnancy. In many studies, risk factors for
experiencing more cognitive difficulties include being older, married, having a
higher level of education, and having a career (Parsons & Redman, 1991; Welch,
1991). Cognitive complaints by pregnant and postpartum women include forgetful-
ness, distractibility, weak concentration, word-finding difficulties, poor coordina-
tion, and general cognitive slowing (Brett & Baxendale, 2001).

In addition to subjective complaints relative to baseline, pregnant, and postpar-
tum, women also report more memory complaints than nonpregnant and
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postpartum women, even in the absence of differences in physical health com-
plaints, emotional health, and anxiety level (Janes et al., 1999).

Objective Cognitive Changes

To date, meta-analyses and reviews suggest a small decrement in cognitive func-
tioning during pregnancy, primarily driven by changes during the third trimester in
performance on tasks of memory (Orchard et al., 2023). These decrements are
small, unlikely to impact functioning, and scores are still at normative levels. This
suggests that subjective concerns are reflective of a relative change from baseline
rather than a cognitive decline (Orchard et al., 2023). Here, we summarize the most
recent available meta-analytic data (Anderson & Rutherford, 2012; Davies et al.,
2018) for different neuropsychological domains. Importantly, all studies provide
results based on comparisons between nonpregnant/postpartum and pregnant/post-
partum women or between pregnant women and themselves across pregnancy. To
our knowledge, there are no methodologically sound studies comparing women
during pregnancy and postpartum to themselves at baseline or prepregnancy.

General cognitive functioning In their meta-analysis, Davies et al. (2018) con-
ceptualized general cognitive functioning as encompassing memory, attention,
executive functioning, processing speed, and verbal and visuospatial abilities. Meta-
analytic results demonstrate that overall functioning was worse in pregnant women
than in nonpregnant women but only during the third trimester (Davies et al., 2018).
Anderson and Rutherford’s (2012) meta-analysis suggested a trend toward decre-
ments in cognitive functioning in pregnant women, though it was nonsignificant.
There are no consistent significant findings of worse cognitive functioning in the
postpartum period. Table 11.2 demonstrates findings of meta-analyses examining
differences in performance by cognitive domain.

Mechanisms of Cognitive Change

To understand the possible mechanisms of cognitive change, we must highlight the
discrepancy between subjective experience of significant cognitive changes and
objective evidence of cognitive decrement. In pregnancy and postpartum, the vast
majority of women report significant and impairing cognitive changes from base-
line. Empirical objective data supports a small to moderate cognitive difference
between pregnant/postpartum women and nonpregnant/postpartum women. Data
also suggests changes in some neuropsychological variables across pregnancy, but
cognition remains at normative levels. This discrepancy may result from method-
ological issues in the study of cognition during pregnancy. See Fig. 11.2 for details.
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Table 11.2 Differences in performance by cognitive domain

Cognitive domain

General cognitive
functioning

Overall memory*
Working memory
Free recall
Delayed free recall
Recognition

Laboratory
prospective memory

Natural prospective
memory

Overall executive
functioning®

Processing speed

Study authors
Davies et al. (2018)

Anderson and
Rutherford (2012)

Davies et al. (2018)

Anderson and
Rutherford (2012)

Anderson and
Rutherford (2012)

Anderson and
Rutherford (2012)

Anderson and
Rutherford (2012)

Anderson and
Rutherford (2012)

Anderson and
Rutherford (2012)

Davies et al. (2018)

Anderson and
Rutherford (2012)

Findings

(control vs. pregnancy)
Worse in pregnant women
NS

Worse in pregnant women
only during third trimester

Worse in pregnant women
Worse in pregnant women
Worse in pregnant women
Improved in pregnant
women

NS

Worse in pregnant women (p
<.01)

NS

Worse in pregnant women (p
<.05)
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Findings (control vs.
postpartum)

NS

NS

NS

NS

NS

NS

NS

Note. *Overall memory defined by authors as working memory and retrieval from long-term mem-
ory via recognition and recall
®Overall executive functioning defined by authors as attention, planning, shifting between ideas,
generating new responses, problem-solving, abstraction, and inhibition. Findings considered sig-
nificant at p < .01 or lower. NS = nonsignificant, — = not reported

Measurement

Study design <

Methodological
inconsistency

g

Subjective concerns women report are not accurately
captured by laboratory neuropsychological tasks.

2033).

Studies are conducted between groups and longitudinally
within pregnancy, but there are no studies comparing
pregnant/postpartum women to their baseline pre-pregnancy
(which would more accurately reflect their complaints of
relative decrements in functioning).

Postpartum women are also measured at different points
in time postpartum, such that any possible cognitive changes
may have resolved by the time of the study (Orchard et al.,

constructs

Studies use different tasks to represent different

Fig. 11.2 Methodological issues inhibiting the study of cognition in pregnancy
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Currently, the available evidence supports (1) differences in cognitive function-
ing between women in the third trimester and nonpregnant women, and (2) wide-
spread subjective experience of poor cognitive functioning. When considering
mechanisms of cognitive change, we then consider how hormones and other factors
impact both the subjective experience of cognitive dysfunction and the measurable
difference during the pregnancy period in memory and executive functioning.

The profusion of reproductive hormones in the body during pregnancy is impli-
cated in a number of neurological changes, both functionally and structurally.
Theoretically, levels of estrogen and progesterone, which drop dramatically follow-
ing birth, are responsible for changes in memory function; however, studies linking
absolute values of pregnancy hormones and cognition do not demonstrate signifi-
cant relationships (Orchard et al., 2023). The relationship between pregnancy hor-
mones and cognition is likely more complex and mediated by brain changes
consistent with improved maternal caregiving behaviors.

Throughout pregnancy, reproductive hormones exert influence on the brain to
prepare the mother to be able to care for her infant as successfully as possible.
Rodent studies have demonstrated this structural and functional plasticity unequivo-
cally, suggesting the existence of a maternal circuit or maternal motivation system
that encourages prioritization of the infant and the mother’s safety in order to sup-
port survival (Numan, 2007). Human studies have begun to point to the occurrence
of an inherent and human-specific structural brain plasticity as well (Barba-Miiller
et al., 2019). Structurally, there appear to be gray matter reductions in the theory of
mind (ToM) network during pregnancy (Hoekzema et al. 2017). See Fig. 11.3 for

_ Pregnancy ‘ Postpartum

Structural neuroimaging Structural neuroimaging

1 overall brain size ! | cortical thickness 458

| grey matter volume across pregnancy in 1 grey matter volume in various brain regions in the
medial frontal cortex, precuneus, posterior weeks or months postpartumiin frontal areas,
cingulate cortex, inferior frontal gyri, superior occipital cortex, and cerebellar areas "¢

temporal sulci, hippocampus, ventral striatum 23
1 volume associated with + matemal
attachment2and 1 neural reactivity to infant >

| grey matter volume in many brain regions
ggrm)amd to pre-conception up to 6 years postpartum

1 grey matter volume in hippocampus ?
1 white matter volume and gyrification &

Functional neuroimaging Functional neuroimaging

1 EEG response in a number of tasksS!".12 1 fMRI response to offspring cues in many areas
including the insula, orbitofrontal gyrus, inferior frontal
qyrus, precentral gyrus, thalamus, amygdala, striatum

1 MR response to infant cries in frontal regions
associated with 1 attachment '¢, 1 sensitive
behaviors to their infants 7

1 connectivity with the anterior cingulate gyrus, left
nucleus accumbens, right caudate and left
cerebellum using rsFC'®
1 1SFC between the left amygdala and left nucleus
iated with * matemal i
during a mother-child interaction'®

1 Ostridgectal, 2002 10. Lisofsky et al., 2016

2. Hoekrema etal 2017 11. Rutherford etal., 2013
3. Hoekzema etal, 2020 12. Fiterman and Raz, 2019
4. Carmonaetal, 2019 13. Bjertrupetal,, 2019

5. Luoeral 2020 14. Paul etal. 2019

6. Zhangetal, 2020 15. Rocchettietal. 2014

7. Kimetal, 20103 16. Laurentand Ablow, 2012
8. Ludersetal,2020 17. Musseretal, 2012

9. Martinez-Garcia et al., 2021 18. Duffordetal., 2013

Fig. 11.3 Summary of key changes in pregnancy and postpartum. Note: From Pawluski
et al. (2022)
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Pawluski et al.’s (2022) overview of structural and functional brain changes in
human pregnancy and postpartum.

In the postpartum period, increases in gray matter volume in the parietal lobe,
prefrontal cortex, and midbrain can be seen (Kim et al., 2010). With some overlap
with areas of reduction, this may reflect a recovery of volume in these areas across
the postpartum period. The structural changes in these studies were significantly
related to caregiving behaviors, such as a positive perception of the baby and the
quality of mother-to-infant attachment (Hoekzema et al., 2017; Kim et al., 2010).
Functionally, an increase in brain activation in certain regions reflects a recruitment
of neural resources above and beyond that of nonpregnant and nonpostpartum
women (Barba-Miiller et al., 2019). Regions of increased activation include the
reward system (also called the maternal motivation system; includes the medial
preoptic area and the bed nucleus of the stria terminalis), the salience network (acti-
vated to detect and respond to threats; includes paralimbic structures such as the
dorsal anterior cingulate and orbital frontoinsular cortices), the emotion regulation
network (activated to manage own and children’s emotions; includes prefrontal and
cingulate control systems), and the empathy and ToM networks (activated to pro-
cess social cognitive tasks such as perspective-taking and reflecting on the needs of
another person; includes medial prefrontal cortex, precuneus, and posterior cingu-
late cortex), anterior temporal lobes, temporoparietal junction, and the inferior fron-
tal gyri (Barba-Miiller et al., 2019). Studies that have assessed changes in cognition
without evaluating neuroimaging have observed enhanced social cognitive abilities
and vigilance toward threatening emotional signals (Anderson & Rutherford, 2011;
Pearson et al., 2009). This is a significant redistribution of neural resources and may
account for the relative decrement in cognitive abilities that evolution has deemed
less important during the transition to motherhood.

Additionally, the impact of sleep on cognition cannot be ignored in the pregnant
and postpartum population. Over 90% of women report sleep disturbances in the
pregnancy and postpartum period. In the abovementioned study examining subjec-
tive cognitive complaints between pregnant and nonpregnant groups, while there
was no difference in the groups on physical health or anxiety, sleep disturbance did
significantly predict cognitive issues in the pregnant group (Janes et al., 1999). The
link between mood and memory also continues to be important, as higher levels of
depression predict poorer memory (Burt et al., 1995). With close to one-third of
women reporting perinatal mood and anxiety concerns, cognitive complaints may
be related to mood issues (Orchard et al., 2023). In fact, in one study comparing 26
nonpregnant women to 21 pregnant women, perinatal cognitive changes were no
longer significant when corrected for mood and sleep (Onyper et al., 2010). Finally,
the increase in cognitive load secondary to caregiving in the context of modern
social pressures and limited social supports likely reduces resource availability for
cognitive abilities (Callaghan et al., 2024).
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As mentioned above, women at higher risk for experiencing subjective cognitive
decrements tend to be older, married, and have reached a higher level of education
(Parsons & Redman, 1991). Given that research on objective cognitive changes is
relatively new and ongoing, strong support for risk and resilience factors does not
yet exist. As social determinants of health such as SES, race/ethnicity, and food
insecurity significantly impact cognition and risk for dementia in the general popu-
lation (Majoka & Schimming, 2021), it can be hypothesized that these factors are
also risk factors for cognitive changes during pregnancy and postpartum. Further
research is needed.

Menopause

The menopausal transition is marked by unpredictable variations in estradiol and
progesterone levels due to the slowing down and eventual cessation of ovarian func-
tion. Perimenopause, or the beginning of the transition, typically begins around age
40, and natural menopause, or the lack of a menstrual period for 12 consecutive
months, typically occurs around age 51. The menopausal transition is accompanied
by vasomotor symptoms (e.g., hot flushes/flashes, night sweats), urogenital symp-
toms (e.g., vaginal dryness), and mood/neurological symptoms (e.g., changes in sex
drive, changes in depression/anxiety, and changes in cognition; Baber et al., 2016;
Stuenkel et al., 2015).

Subjective Cognitive Concerns

Reuben et al. (2021) conducted a systematic review of the extant literature between
1996 and 2020 and identified 19 studies for review. They found that the majority of
women across the menopausal transition reported cognitive complaints. Subjective
complaints include difficulty retrieving words or numbers, forgetting the purpose of
a behavior, losing train of thought, and forgetting appointments (Sullivan-Mitchell
& Fugate Woods, 2001). The literature is equivocal regarding whether perimeno-
pausal or postmenopausal women report more subjective complaints (Reuben et al.,
2021; Weber et al., 2014). Subjective reports of forgetfulness are significantly asso-
ciated with worse vasomotor symptoms (Drogos et al., 2013; LeBlanc et al., 2007,
Mitchell & Woods, 2011).
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Studies differentiate between changes due to “natural menopause,” or the meno-
pause transition occurring in the absence of external medical changes, and “surgical
menopause,” or the removal of ovaries (oophorectomy) due to medical reasons.
Natural menopause is associated with decreases in verbal memory and verbal flu-
ency that appear to be independent of those expected to occur with normal aging
(Weber et al., 2014). In addition, women experiencing natural menopause demon-
strate lower scores on measures of verbal memory, attention, and working memory,
though scores were still in the normative ranges (Schaafsma et al., 2010; Unkenstein
etal., 2016; Weber et al. 2012). Effects tend to be small and may be time dependent,
persisting for approximately 4 years surrounding menopause or peaking after meno-
pause (Baber et al., 2016; Epperson et al., 2013; Maki, 2015; Weber et al., 2014). In
fact, a large longitudinal study (N =2000) reported a temporary decrement in cogni-
tive skills in perimenopause which resolved after menopause (Greendale et al.,
2009, 2010). Vasomotor symptoms as measured objectively (with an ambulatory
hot flash monitor) are associated with poorer verbal memory (Maki et al., 2008).

Surgical menopause and the abrupt decline of reproductive hormones are predic-
tive of an increased risk for cognitive impairment and dementia based on the wom-
an’s age at the time of surgery (Rocca et al., 2007; see Chap. 5 on Alzheimer’s
disease for more detail).

In terms of brain activation during tasks, there is evidence of changes across the
menopausal period. Postmenopausal women show the least hippocampal activation
during verbal processing tasks and increased bilateral hippocampi connectivity as
compared to both premenopausal and perimenopausal women (Jacobs et al., 2016).

Mechanisms of Cognitive Change

The robust medical literature connecting higher levels of estrogen with protected
cognitive abilities implies that fluctuating levels of estrogen in the menopausal tran-
sition may impact cognition; however, this has yet to be studied in a methodologi-
cally sound manner that supports causality (Conde et al., 2021). There is general
support for the relationship between absolute levels of estrogen and cognitive per-
formance. Studies have suggested a functional increase in frontal and temporal acti-
vation when performing verbal tasks during perimenopause with an accompanying
decrement in verbal cognition and estradiol (Berent-Spillson et al., 2012). Higher
concentrations of estrogen/estradiol are associated with better verbal memory and
less susceptibility to interference (Wolf & Kirschbaum, 2002). Importantly, there
are considerable intraindividual differences in the way in which hormones fluctuate
across the transition (Burger et al., 2002). Given these considerations, identifying
the absolute impact of reproductive hormones on cognition through the menopausal
transition is difficult.
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Objective experience of vasomotor symptoms has a direct impact on cognitive per-
formance, as do mood disorder symptoms and sleep disturbances (Greendale et al.,
2020). The impact of number of births on future cognition and risk for dementia is
inconsistently reported and cannot be utilized as a risk or resilience factor at this
time (Barha et al., 2023).

Hormonal Contraceptives

The effect of birth control on cognition is a complex topic that has garnered increas-
ing attention in recent years. As hormonal contraceptives (HC) are widely used by
millions of women worldwide, understanding their potential impact on cognitive
functions such as memory, attention, and executive function is crucial. This section
delves into the latest research findings, exploring both the positive and negative
cognitive effects associated with various forms of birth control. By examining these
studies, we aim to provide a comprehensive overview of how hormonal contracep-
tives may influence cognitive processes, ultimately contributing to a more informed
discussion on women’s health and well-being.

Subjective Cognitive Concerns

Estrogen contraceptives work by preventing ovulation, altering the uterine lining to
prevent implantation, and thickening cervical mucus to block sperm. Progesterone
contraceptives, often called the “minipill,” primarily thicken cervical mucus and
sometimes prevent ovulation. Combination birth control pills contain both estrogen
and progestin, working together to stop ovulation, thicken cervical mucus, and
change the uterine lining, making it less likely for sperm to reach an egg or for a
fertilized egg to implant. There are limited studies examining subjective cognitive
concerns of HC. One study, which recruited women in Indonesia from young adult-
hood, found no significant associations between HCs and subjective memory com-
plaints (Pradono et al., 2020). This suggests that, at least in this demographic, the
use of HCs did not appear to impact self-reported memory issues. However, more
research is needed to fully understand the broader implications and to explore these
associations in different populations and age groups.
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Neuroactive steroid hormones play a crucial role in regulating learning and mem-
ory, and several studies have explored the impact HC on women’s cognition, yield-
ing mixed results. HC use is associated with improvements (Gurvich et al., 2020;
Plamberger et al., 2021), no changes (Gravelsins et al., 2021; Mihalik et al., 2009),
or declines (Bradshaw et al., 2020; Griksiene et al., 2018) in cognitive abilities
compared to naturally cycling women. These discrepancies may arise from varia-
tions in the cognitive domains studied, such as verbal fluency, visuospatial abilities,
and mental rotation tasks, as well as differences in treatment duration, dosage, and
the type of progestin used. Specifically, HC can lead to improvements (Gogos et al.,
2014) or no changes (Roodenrys et al., 2008) in verbal memory, a domain typically
favoring females, while visuospatial abilities, generally favoring males, remain
unaffected except in cases where the type of progestin (androgenic or antiandro-
genic) influences outcomes (Wharton et al., 2008). Overall, HC may enhance cogni-
tive performance in verbal memory and visuospatial abilities but could potentially
decrease accuracy in mental arithmetic and emotion recognition tasks (Gurvich
et al., 2023).

Mechanisms of Cognitive Change

The mechanisms of how HC may affect cognition have been explored through neu-
roimaging and animal studies. Neuroimaging studies show increased mean diffusiv-
ity in the fornix of HC users compared to nonusers, indicating microstructural
changes in white matter (De Bondt et al., 2013). Additionally, there are modified
volumes in specific brain regions and altered functional connectivity in the frontal
nodes of the executive network, which can significantly impact emotional regula-
tion (Engman et al., 2018; Gingnell et al., 2016; Petersen et al., 2021; Pletzer, 2019).
These effects can vary between adolescent and adult HC users (Sharma et al., 2020),
may depend on the duration of HC use and the type of progestin, and might not be
entirely reversible. The underlying mechanisms are not fully understood, but animal
models could help investigate the neurobiological mechanisms behind HC’s impact
on brain function (see review by Concas et al., 2022). For instance, a study by
Simone and colleagues found that impaired memory in rats on the novel object rec-
ognition test was linked to reduced hippocampal BDNF mRNA expression, a neu-
rotrophin involved in learning and memory (Simone et al., 2015). This reduction
was also positively correlated with tyrosine hydroxylase mRNA expression in the
locus coeruleus, suggesting that noradrenergic transmission might play a role in
HC-induced cognitive performance changes.
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Research by Beltz et al. (2015) highlights that college-aged women using monopha-
sic oral contraceptives with second generation progestins performed better on cog-
nitive tasks compared to those who were naturally cycling. The dose of ethinyl
estradiol in the pill was a significant predictor of cognitive performance. Several
factors can modulate the influence of oral contraceptives (OCs) on cognition,
including task-related factors like reporting results at a task level and considering
task difficulty. Control group factors, such as accurately reporting the menstrual
cycle phase of naturally cycling participants, are also important. Additionally,
OC-related factors like the duration of use, timing of ingestion, and the specific
hormonal profile of the OC formulation can differentially impact cognitive out-
comes (Gurvich et al., 2023).

Gender-Affirming Hormone Therapy

Gender affirming hormonal therapy (GAHT) is a crucial aspect of the transition
process for many transgender individuals, offering significant benefits in aligning
one’s physical appearance with their gender identity. The National Transgender
Discrimination Survey Report on Health and Health Care reveals that at least 80%
of transgender individuals have either undergone GAHT or wish to do so at some
point (Grant et al., 2011). Beyond the physical changes, GAHT can also lead to
cognitive changes. This section explores the various cognitive effects associated
with GAHT.

Subjective Cognitive Concerns

Research by Van Heesewijk et al. (2021) found that transgender women reported
memory problems similar to those of cisgender groups, indicating they did not
experience more cognitive hindrance. However, other studies have highlighted that
older transgender individuals (aged 45 and above) reported increased confusion or
memory loss over the past year compared to their cisgender counterparts. This sug-
gests that while younger transgender individuals may not face significant cognitive
issues, older transgender individuals might experience more pronounced subjective
cognitive concerns (Cicero et al., 2023; Flatt et al., 2021).
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Research on cognitive performance effects of gender-affirming hormone therapy
(GAHT) overwhelmingly supports its impact on cognitive tasks that exhibit well-
established sex differences (Nguyen et al., 2019). Androgens, which are adminis-
tered to female-to-male (FTM) individuals, enhance “male-like” characteristics and
are associated with decreases in performance on typically male-dominated cogni-
tive tasks among male-to-female (MTF) individuals. Longitudinal studies suggest
that hormone manipulations used by MTF result in a reduction in performance on
3D visuospatial tasks and increased verbal fluency. Estrogen therapy in MTFs has
been shown to impact performance on some cognitive tasks, such as paired associ-
ate learning (both immediate and delayed recall). These effects align with the typi-
cal sex differences observed in these cognitive domains.

A systematic review and meta-analysis of ten studies (seven cohort and three
cross-sectional studies published between 1995 and 2016) by Karalexi et al. (2020)
highlighted significant enhancements in visuospatial ability in FTM individuals fol-
lowing GAHT. Cross-sectional studies pooled together showed improved perfor-
mance in verbal working memory among treated compared to nontreated
birth-assigned female individuals. FTM transgender individuals who had been on
androgen treatment for at least 6 months performed better on two visual memory
tasks compared to those not on treatment (Gomez-Gil et al., 2009). However, per-
formance assessed by reaction time among FTMs using high-dose testosterone was
slower than that of cisgender females, suggesting that testosterone treatment did not
consistently make FTMs more “masculine” in their performance (Carrillo
et al., 2010).

Mechanisms of Cognitive Change

Research on the mechanisms of cognitive change with GAHT reveals notable dif-
ferences in brain activation between trans and cisgender individuals. Carrillo et al.
(2010) found that during mental rotation tasks, brain activation patterns, as mea-
sured by the blood oxygen level dependent (BOLD) signal, differ significantly
between these groups. Sommer et al. (2008) observed changes in brain activation
during language and mental rotation tasks after 3 months of GAHT, though lateral-
ization of these functions remained stable. Additionally, smaller studies highlight
that parietal activation decreases with longer GAHT duration in MTF individuals,
who also tend to use verbal strategies more than cisgender males during task perfor-
mance (Schnoing et al., 2009). Both transgender groups showed increased temporo-
occipital activation compared to male controls. However, Nota et al. (2017) reported
no significant changes in functional connectivity after 4 months of GAHT.
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Hormone Replacement Therapy (HRT) is a medical treatment designed to supple-
ment the body with hormones that are at deficient levels, particularly in the context
of menopause. It primarily involves the administration of estrogen and, often, pro-
gesterone to alleviate symptoms associated with decreased hormone levels in post-
menopausal women, such as hot flashes, night sweats, and vaginal dryness. HRT is
associated with various cognitive changes, although the literature surrounding HRT
and cognition largely focuses on its relationship to Alzheimer’s disease, which will
be discussed in Chap. 5. This section will discuss the remaining literature on HRT,
which is unfortunately limited.

Subjective Complaints and Objective Cognitive Changes

Subjectively, some HRT users report increased forgetfulness (Hogervorst et al.,
1999). Objectively, there is evidence suggesting that estrogen alone may benefit
verbal memory in younger postmenopausal women, with more consistent findings
in those who are surgically postmenopausal (Maki & Sundermann, 2009). However,
a combination of conjugated equine estrogen and medroxyprogesterone acetate
appears to detrimentally affect verbal memory across different age groups.
Additionally, some studies indicate that hormone therapy may enhance executive
function (Maki & Sundermann, 2009).

Mechanisms of Cognitive Change

Research indicates that HRT in postmenopausal women may preserve brain matter.
Studies by Erickson et al. (2005) and Boccardi et al. (2006) found that current and
former HT users had more gray and white matter in key brain regions compared to
nonusers, suggesting HRT leads to greater sparing of gray and white matter tissue
in the aging brain. Conversely, Zhang et al. (2016) utilized a novel method to detect
brain differences in older women undergoing HRT and found reduced gray matter
volumes in HRT recipients, particularly in the prefrontal and hippocampal regions.
In a study by Albert et al. (2017), 75 postmenopausal women aged 51-75 living in
the United States were given varying doses of 17p-estradiol or a placebo over 3
months. No racial/ethnic information about the sample was provided. MRI scans
revealed that only the group receiving the higher 2 mg dose experienced an increase
in hippocampal gray matter volume, suggesting HRT’s effect on grey and white
matter may be dose dependent (Table 11.3).



11  Pregnancy, Menopause, and Other Hormonal Factors 341

Table 11.3 Hormone therapy research highlights

Hormonal * Limited studies have found no significant association between HC use
contraceptives (HC) and self-reported memory issues
* HC use may lead to mild improvements in verbal memory and
visuospatial abilities but may decrease accuracy in mental arithmetic
and emotion recognition tasks
* Neuroimaging and animal studies suggest HC use can cause
microstructural changes in white matter and alter brain region
volumes and functional connectivity, affecting cognitive performance
* Factors such as the type of progestin, duration of use, and specific
hormonal profiles can influence cognitive outcomes

Gender-affirming * Younger transgender women report similar memory issues as
hormone therapy cisgender women, while older transgender individuals report more
(GAHT) cognitive concerns

* GAHT impacts cognitive tasks with sex differences, enhancing
visuospatial ability in female-to-male (FTM) individuals and affecting
verbal fluency and memory in male-to-female (MTF) individuals

* Brain activation patterns differ between trans individuals on GAHT
and cisgender individuals, with changes observed in brain regions and
functional connectivity

Hormone replacement | * Although many HRT users report increased forgetfulness, estrogen
therapy (HRT) may benefit verbal memory in younger postmenopausal women
* Some studies indicate hormone therapy may enhance executive
function
* HRT may preserve brain matter, with varying effects on gray and
white matter volumes depending on dosage and duration

Research Takeaways

Research on cognitive changes across a woman’s lifespan concomitant with hor-
monal changes is, in many ways, in its infancy. Though there are decades worth of
studies examining objective cognitive differences between women at certain stages
(e.g., pregnancy, menopausal) and control groups, the question of whether women
themselves experience objectively verified cognitive shifts congruent with their
subjective experience remains unanswered. Patterns of objective findings are equiv-
ocal and trends depend on whether or not major covariates have been acknowl-
edged. Many questions remain regarding the nature of cognitive difficulties in the
context of social determinants of health, differential dosing of hormones, and racial
and ethnic differences. Major takeaways include:

* People experiencing major hormonal shifts are also likely to experience signifi-
cant subjective decrements in cognitive functioning.

* Patterns of objective cognitive dysfunction are inconsistent and vary more based
on population studied, methodology, study design, and covariates acknowledged
than on hormonal changes.

* The relationship between reproductive hormones and cognitive change is com-
plex and necessitates further exploration of integrated neural frameworks.
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Evaluating absolute levels of hormones in relation to cognitive change may arti-
ficially oversimplify relationships.

Clinical Takeaways

Presumably, the purpose of clinical research on the nature of cognitive changes is to
be able to respond appropriately to patients wanting to understand their lived experi-
ence of new-onset difficulties with cognitive functioning. As demonstrated in this
chapter, objective findings may not fully validate patients’ experiences, and it is
clinically useful to help them understand the meaning of these findings and find
ways to improve their own functioning. The subjective experience of cognitive dys-
function may lead to increased stress which may then lead to further interference in
cognitive functioning, creating a cycle which can be difficult to interrupt. Mood,
stress, cognitive load, physiological symptoms associated with hormonal changes,
and social determinants of health can be understood as potentially modifiable fac-
tors that impact cognition. Major takeaways include:

e It is both valid and important to normalize the experience of cognitive changes.
Subjective cognitive deficits are common, and the patient experiencing them is
not alone.

* Because objective cognitive testing leads to equivocal and inconsistent results,
pursuing neuropsychological testing and/or considering neurocognitive disorder
diagnoses should only occur in the context of serious and sustained impairment
in functioning in the patient’s daily life after other factors have resolved.

e Education and treatment related to the cognitive impact of sleep disturbance,
mood issues, vasomotor symptoms (if relevant), premenstrual symptoms (if rel-
evant), cognitive load of caregiving (if relevant), and other applicable factors
known to impact perceived or actual cognitive functioning can be therapeutic
and lessen hormonally related cognitive difficulties.
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