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Abstract

Sex or gender differences in the risk of Alzheimer’s disease and related dementias
(ADRD) differ by world region, suggesting that there are potentially modifiable risk
factors for intervention. However, few epidemiological or clinical ADRD studies exam-
ine sex differences; even fewer evaluate gender in the context of ADRD risk. The goals
of this perspective are to: (1) provide definitions of gender, biologic sex, and sexual
orientation. and the limitations of examining these as binary variables; (2) provide an
overview of what is known with regard to sex and gender differences in the risk, pre-
vention, and diagnosis of ADRD; and (3) discuss these sex and gender differences from
a global, worldwide perspective. Identifying drivers of sex and gender differences in
ADRD throughout the world is a first step in developing interventions unique to each
geographical and sociocultural area to reduce these inequities and to ultimately reduce
global ADRD risk.

KEYWORDS
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Highlights

* The burden of dementia is unevenly distributed geographically and by sex and gen-
der.

* Scientific advances in genetics and biomarkers challenge beliefs that sex is binary.

+ Discrimination against women and sex and gender minority (SGM) populations con-
tributes to cognitive decline.

 Sociocultural factors lead to gender inequities in Alzheimer’s disease and related
dementias (ADRD) worldwide.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
of sex and gender differences on the risk, incidence, diag-
nosis, and clinical presentation of Alzheimer’s disease and
related dementias (ADRD) worldwide using traditional
sources (eg, PubMed). Relevant citations are cited appro-
priately.

2. Interpretation: The manuscript emphasizes the need to
expand the definitions of gender and sex, consider socio-
cultural factors that lead to gender inequities in ADRD,
and examine gender and sex differences in AD incidence,
risk factors, and clinical presentations worldwide.

3. Future directions: Experts from the Sex and Gender Dif-
ferences Special Interest Group, part of the Diversity and
Disparities Professional Interest Area of the International
Society to Advance Alzheimer’s Disease and Treatment
(ISTAART), outline critical gaps in knowledge and iden-
tify the next steps to improve healthy cognitive aging
worldwide. Advancing and translating our understanding
of drivers of sex and gender differences unique to each
geographical and sociocultural area is afirst step in devel-
oping interventions to reduce global ADRD risk.

1 | INTRODUCTION

Rising life expectancy around the world suggests that the prevalence
of Alzheimer’s disease and related dementias (ADRD) will increase
sharply to more than 140 million in 2050.1 Notably, expected increases
in life expectancy are not evenly distributed around the world. Coun-
tries that already have longer life expectancies (ie, high-income coun-
tries [HICs]) will not have as dramatic of an increase in ADRD com-
pared to low-middle income countries (LMICs), which are facing rapid
increases in lifespan.2 The increasing burden of dementia among
LMICs underscores the need for ADRD researchers to take a global
perspective to identify potential risk and protective factors to improve
healthy brain aging for all.

The burden of dementia is not only unevenly distributed geograph-
ically, but also by sex and gender. Although many studies of North
and South American cohorts have not observed a sex difference in the
incidence of ADRD,3-11 several studies conducted in Europe!?~1¢ and
Asial”18 suggest a higher incidence in women, especially after the age
of 80 years. In contrast, the United Kingdom Cognitive Function and
Ageing Study initially reported a higher incidence among men between
1989 and 1994, but no sex difference in incidence between 2008 and
2011.Y7 Few studies from LMICs have reported sex and gender differ-
ences in the incidence of ADRD, with mixed results that appear to differ
by area of the world.

Individual countries or regions have unique sociocultural and

sociopolitical differences, as well as historical experiences that vary
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by sex and gender, and may differentially impact risk of ADRD.20-21

In addition, access to health care or education, opportunities to par-
ticipate in research studies, and gender roles (eg, working outside
the home, childcare responsibilities) are associated with risk of ADRD
and differ by country.2223 Although previous perspectives have either
highlighted the need to study ethnic and racial disparities or sex and
gender differences in ADRD risk, the examination of sex and gender
differences from a global perspective is needed. Identifying drivers of
sex and gender differences in ADRD throughout the world is afirst step
in developing interventions unique to each geographical and sociocul-
tural area to reduce these inequities and to ultimately reduce ADRD
risk. The goals of this perspective are to: (1) provide definitions of gen-
der, biologic sex, and sexual orientation and the limitations of examin-
ing these as binary variables; (2) provide an overview of what is known
with regard to sex and gender differences in the risk, prevention, and
diagnosis of ADRD; and (3) discuss these sex and gender differences
from a global, worldwide perspective. Members of the Sex and Gen-
der Differences Special Interest Group, part of the Diversity and Dis-
parities Professional Interest Area of International Society to Advance
Alzheimer’s Disease and Treatment (ISTAART), outline critical gaps in
knowledge before interventions can be conducted to improve healthy

cognitive aging and reduce ADRD risk worldwide.

2 | THE NEED TO EXPAND DEFINITIONS OF
GENDER AND SEX (TABLE 1)

2.1 | Gender, biological sex, and sexual orientation
Many articles have used the terms “sex” and “gender” interchange-
ably, including their prominent binary labels of male/female and
man/woman, respectively.2* However, sex and gender are distinct con-

cepts and individuals are characterized by both. Sex is a biological vari-
able defined by characteristics encoded in DNA, such as reproductive

TABLE 1 Gapsinknowledge regarding gender, biological sex, and
sexual orientation in Alzheimer’s disease and related dementias
(ADRD)

Gaps in Knowledge and Translational Outlook

* Better understanding of world-wide differences in the influence of
gender as a social construct on ADRD and other health outcomes
and how these differences vary by age, migration status,
socioeconomic status, and race/ethnicity.

* Need to move beyond defining sex and gender as binary variables.
The development of additional scales and rephrasing of research
questionnaires on sex/gender is warranted.

» Efforts are needed to recruit and enroll sexual and gender minority
populations into research and to identify factors that contribute to
dementia risk in these populations across the world.

« Additional focus on the interaction between chromosomes,
hormones, and sociocultural factors on risk of ADRD is needed.

Abbreviation: ADRD, Alzheimer’s disease and related dementias.
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organs and other physiological and functional characteristics.2> Gen-
der refers to social, cultural, and psychological traits linked to individ-
uals through social context. Both sex, gender, and their interactions
influence health and disease.?®

Historically, sex has been considered as a binary construct (male or
female) and defined by differences in chromosomes (XX vs XY), sex
organs, endogenous hormones, and/or other characteristics encoded
in DNA.252¢ However, scientific advances in genetics and biomarkers
challenge beliefs that sex is binary.2” Growing evidence demonstrates

7 and

the existence of nonbinary populations, intersex populations,?
biologic correlates of gender identity.28 Moreover, gender identity and
sexual orientation occur on a continuum. Sexual orientation character-
ized as asexual, bisexual, gay or lesbian, heterosexual, queer, or another
identify is often defined by the sex of an individual assigned at birth
and those to whom the individual is sexually, emotionally, and roman-
tically attracted.2?-33 The effects of these factors may differ across
other social and demographic variables such as by race and ethnic-
ity, age, socioeconomic status (SES), culture, or migration status.3+3°
Reinforcement of binary ideas of sex and gender have historically
fortified inequities for those who identify outside societal norms,
reified stereotypes of masculinity and femininity,%¢ and contributed
to economic and social disparities.3” This includes limiting access
to effective and appropriate health care and participation in clinical
research.38-40

Sex, gender, sexual orientation, and their interactions demand
attention in ADRD. Two challenges include the over-reliance on self-
reported sex and gender, which often assesses only binary categories
and assumes homogeneity within categories,**2 and the underrep-
resentation of sex and gender minority (SGM) populations in clinical
research.?® Emergent research shows that sex, sexual orientation, and
gender identity can impact dementia outcomes through the process of
social marginalization.2®

3 | SOCIOCULTURAL ASPECTS THAT LEAD TO
GENDER INEQUITIES (TABLE 2)
3.1 | Education
It is well established that low education increases the risk of demen-
tia for women and men worldwide.*3** Some studies conducted in
HICs,14#> although not all,*¢ report a similar risk for women and men
with low education, which is defined based on geographic area. How-
ever, more women are affected by this risk factor because women
have historically endured limited educational opportunities in both
HICs and LMICs.*78 In addition to the direct effects of educa-
tion on ADRD risk that some studies have reported, the histori-
cally lower educational attainment in women may increase ADRD
risk indirectly through high levels of distress and mental health
symptoms.*?

Obstacles in obtaining education for women residing in LMICs,
or women in HICs who immigrated from LMICs, begin in childhood.

According to the United Nations Educational, Scientific and Cultural

TABLE 2 Gapsinknowledge regarding sociocultural aspects that
lead to gender disparities

Gaps in Knowledge

* Women have historically endured limited educational opportunities
in both high- and low-middle-income countries. There is a need for
better understanding of the intersection between sociocultural
gender roles and risk of ADRD, especially in low-middle-income
countries.

* Access to education for women in high-income countries has
increased and it is important to understand the implications of this
trend on future risk of ADRD.

* Additional examination of if, and how, employment and occupational
characteristics differ by gender in diverse cultural settings
worldwide, and whether the trends of increasing women in the
workforce in some countries affect the risk of ADRD.

* Examination of gender differences in social experiences, including
discrimination of women across different geographical regions and
social strata or caste, with the development of late-life cognitive
decline and dementia.

* Access to care, risk factors, and dementia diagnosis in sexual and
gender minority populations can differ across the world based on
the greater acceptance or discrimination of these populations by
specific cultures. Better understanding of the impact of these
barriers on ADRD, and how to overcome them, is needed.

Abbreviation: ADRD, Alzheimer’s disease and related dementias.

Organization (UNESCO), 132 million girls are out of school worldwide.
In countries where girls enter primary school, only a small portion
matriculate, and far fewer complete secondary school. In conflict set-
tings, girls are more than twice as likely to be out of school.?%->2 Tra-
ditional obstacles like poverty, armed conflict/violence, cultural tradi-
tions (eg, child marriage), and deprived infrastructures for education
(eg, crumbling schools) increase the likelihood of educational exclu-
sion for girls.>® The coronavirus disease 2019 (COVID-19) pandemic
has further exacerbated these societal and life course inequities with
prolonged school closures, household work responsibilities, caregiving,
and more violence against girls and women.

Studies show that gender attitudes and stereotypes consider-
ably influence women’s participation in socioeconomic activities
and explain a persistent gap in access to school and educational
achievements.”>®~5° Patriarchal norms may determine gender roles
through the socialization processes promoted at schools. In particu-
lar, the education curriculum itself may perpetuate traditional gender
bias and prevent the questioning of gender inequality in educational
systems.”® Hidden curricula promote values and behaviors that are not
challenged by students.””->8 In some LMICs,awoman’s role is tradition-
ally defined in the private sphere as in homemaking, caregiving, and
reproduction; education might reinforce these traditional norms for
gender roles and fail to equip critical thinking to question these roles.>?
Working toward reducing the barriers for education for women across
the globe will mitigate the risk for dementia attributed by low educa-
tion.
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3.2 | Occupation

Occupational opportunities have been historically patterned by gender
social norms, with more men typically residing in the workforce com-
pared to women.®° In addition, occupations have historically been seg-
regated by gender, with women being less likely to be in professional
or managerial positions and more likely to fill roles considered unpaid
labor, which includes caregiver.t A meta-analysis of nine prospective
studies found that professional or managerial positions were associ-
ated with a 22% reduction in cognitive decline and 44% reduction in
mild cognitive impairment (MCI).62 However, only a few studies, all
among HICs, have examined the role of gender and occupation jointly
when considering dementia risk, and the results have been inconclu-
sive. A prospective study of almost 3000 French men and women found
that compared to professional/managerial positions, being a craftsman
or shopkeeper was associated with over a 50% reduced risk of AD
among women, but a doubling of AD risk among men.®® In contrast, a
prospective study of over 900 Swedish individuals found that occupa-
tions related to the production of goods were associated with a dou-
bling of dementia risk among women compared to non-manual labor,
but not among men.®* Low-control work has been associated with an
increased risk of dementia among women,®® and high-control work
with a lower risk of dementia among men.®¢ However, another study
reported few gender differences in the relationships between work
control and ADRD.%” Potential reasons for the discrepancies may be
the use of Job Exposure Matrices, which has limited generalizability
across countries,®® and the lack of consideration of apolipoprotein E
(APOE) genotype, which may interact with gender and work control
when examining risk of ADRD.%¢

3.3 | Discrimination

Discrimination against women and SGM populations contributes to
gender differences in late-life cognitive health. The discrimination can
be subtle or explicit, conscious or unconscious, and vary by racial
and ethnic minority groups and area of the world. Gender is a major
social and structural determinant of health and influences access to
resources that permeate all areas of society. Gender discrimination
in the workplace (ie, women receiving unequal pay and harassment)
can lead to excess stress and reduced income that could ultimately
result in greater poverty and less access to medical care.®? Little
research has examined the effects of sex- and gender-based discrimi-
nation on risk, diagnosis, and treatment of ADRD and whether these
effects vary by racial and ethnic minority groups or region of the
world.

The impact of discrimination on ADRD risk varies with cultural
and historical context and geography. For example, in the Longitudinal
Aging Study in India,’ educational attainment explained about 60% of
the gender inequity in late-life cognitive health. However, when strati-
fied by region (north and south) the disadvantage in cognitive function
remained only for women in northern India, which was explained by

an overall higher prevalence of discrimination against women in that
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region.””’8 These findings were consistent with earlier literature that
noted that women in the northern state of Haryana performed worse
than men on cognitive tests’? but no gender difference in southern
India.89 The interplay of different types of discrimination on ADRD risk
can vary by region and needs to be investigated in areas across the

world.

3.4 | Medical treatment and access

Medical treatment and access comprise several components that
include the financial means to access care, the availability of care
needed, and the patient’s experience—real or anticipated—of receiv-
ing care. Stigma, fear, and discrimination can modify each of those
components in ways that exacerbate barriers to care based on sex,
gender, and status as a member of SGM populations. The ways in
which this occurs differs across nations and parts of the world because
social, cultural, and historical contexts impact factors that influence
both health care delivery and the social status of individuals based on
sex/gender.

In the United States, the burden of health care costs is felt dis-
proportionately by women. More than half of American women (52%)
in 2018 said they worried about not having enough money to pay
for health care, compared to 40% of men.”® Moreover, a higher
proportion of women than men also cited the possibility of paying
higher premiums or having to go without health insurance as a major
concern.”? The proportion of US women foregoing health care and
underusing prescription medication due to costs is significantly higher
than the proportion of men. In addition, women report lower lev-
els of communication with their physicians about drug costs than
White, male, and younger patients.”! These findings suggest that the
high cost of care reflects a gender bias in the United States and
may contribute to gender inequities in health outcomes, including
ADRD.

In communities across sub-Saharan Africa, women face multiple
barriers to accessing and receiving care including the availability of ser-
vices, stigma, and discrimination.”? Married women—who are largely
responsible for anchoring the family system—experience worse men-
tal health and well-being than divorced women.”3 Thus, in this area,
a women’s social role and responsibility are barriers to self-care and
health care access.

Worldwide discriminative behaviors experienced by SGM patients
inboth HICs and LMICs include stigma, denial, or refusal of health care;
verbal or physical abuse; and inadequate provider knowledge. %74
Transgender populations are less likely to have financial access to
appropriate medical care.”>7¢ For example, gay men encounter neg-
ative social pressure, discrimination, and even violence when access-
ing medical care in sub-Saharan Africa.”” In addition, the knowledge,
beliefs, and religion of health care providers affect attitudes and behav-
iors toward SGM patients. Stigma and discrimination are also barriers
for SGM individuals becoming health care providers,”® which further
impedes efforts to advance research and improve quality of care for

these populations.
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TABLE 3 Gapsinknowledge regarding sex-specific risk factors

Gaps in Knowledge

* Sex differences and sex-specific risk factors for ADRD should be
evaluated in more diverse samples.

* There are racial/ethnic differences in pregnancy and menopause.
For instance, non-Hispanic Black women, on average, go through the
menopause transition at an earlier age,''® experience a greater
frequency of hot flashes, ' and are more likely to have
hypertensive disorders of pregnancy and premenopausal bilateral
oophorectomy, compared to White women. The impact of these
differences in risk of ADRD are not understood.

* Little research has examined the impact of sociocultural views,
which influence family size and marital roles, on risk of ADRD.

* The dose, duration, and access to hormonal contraceptives and
menopausal hormone therapy differ around the world. The impact
of these differences on the risk of ADRD are not known.

* Additional studies examining the effects of prostate cancer and
androgen-deprivation therapy on the risk of ADRD in males is
needed, especially studies that incorporate multiple
races/ethnicities and regions around the world.

* Theimpact of low testosterone in males on risk of ADRD is still not
well understood.

Abbreviation: ADRD, Alzheimer’s disease and related dementias.

4 | SEX-SPECIFIC RISK FACTORS (TABLE 3)

Sex differences in risk factors or conditions fall into two categories:
(1) diseases or conditions that are specific to one sex, and (2) dis-
eases or conditions that have distinct causes, manifestations, out-
comes (morbidity or mortality), or response to treatments in one
sex compared with the other. Pregnancy and menopause are two
female-specific conditions, whereas prostate cancer and its treat-
ment with androgen deprivation therapy (ADT) is male-specific. It is
important to understand how these sex-specific conditions are asso-
ciated with an increased risk of developing cognitive dysfunction and

dementia.

4.1 | Hypertensive disorders of pregnancy

Hypertensive disorders of pregnancy (HDPs), including gestational
hypertension and preeclampsia, affect ~5% to 15% of pregnancies but
the prevalence differs by racial and ethnic minority groups.”? In 2019,
the highest incidence of HDPs was observed in South Asia, western
sub-Saharan Africa, and eastern sub-Saharan Africa. The lowest inci-
dence was in Australasia, Oceania, and Central Europe.®® HDPs are
associated with brain atrophy and cognitive decline detected as early

as 5 to 15 years after the index pregnancy,81-85

86-88

and they are also asso-
ciated with risk for dementia.

4.2 | Menopause

Early menopause, especially before the age of 40 (either spontaneous
or due to bilateral oophorectomy) is associated with an increased risk
of MCI, AD, and medial temporal lobe neurodegeneration.?-74 This
risk is most pronounced among women who do not use menopausal
hormone therapy (MHT) up until the age of 50. In addition, longitu-
dinal declines in cerebral metabolism and hippocampal atrophy and
increased brain amyloid beta (AB) deposition are greater over the
menopause transition compared to men of the same age, independent
of APOE status and cardiovascular risk factors.”> Cognitive benefits of
MHT remain controversial, but the conflicting results may be due to
differences in the timing of MHT initiation in relation to menopause.
Recent results indicate that the initiation of MHT shortly after the final
menstrual period does not have long-term harmful or beneficial cogni-
tive effects.”®?7 The types, doses, duration, and availability of MHT for
menopausal symptoms vary worldwide.?® Limited access to MHT due
to prescribing practices or supply shortages remains an issue in many

countries.

4.3 | Androgen deprivation therapy (ADT) and
testosterone

Approximately 11% of men are diagnosed with prostate cancer within
their lifetime, although this varies based on regions of the world.??
More than half of men in HICs diagnosed with prostate cancer
receive ADT at some point in their treatment, which drastically low-
ers testosterone levels.1%0 Some studies, but not others, suggest that
ADT use may be associated with a risk of cognitive impairment and
dementia.’01-196 | addition, men experience declines in testosterone
levels with age, ~2% to 3% per year after the age of 30.1%7 |t remains
unclear whether low testosterone levels are associated with a risk of

dementia in men.108

5 | SEX AND GENDER DIFFERENCES IN RISK
FACTORS (TABLE 4)

Several studies have identified modifiable risk factors across the lifes-
pan for ADRD, many of which were highlighted in the 2020 report of
the Lancet Commission.’%? Notably, although the prevalence of smok-
ing and vascular factors is decreasing in HICs, these ADRD risk fac-
tors are increasing in LMICs.? However, studies examining these risk
factors do not uniformly examine sex or gender differences in LMICs
or HICs, and only adjust for sex/gender instead. This section pro-
vides some examples of sex and gender differences in risk factors for
ADRD.

5.1 | Cardiometabolic risk factors

Globally, hypertension is the leading cause of mortality and disability-
adjusted life years (DALYs) and the burden is predominantly in
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TABLE 4 Gapsinknowledge regarding sex and gender differences
in risk factors

Gaps in Knowledge

* Most studies adjust for sex/gender when examining risk factors for
ADRD (eg, cardiometabolic, sleep, depression, diet and physical
activity, traumatic brain injury, or pain), but do not examine sex
differences.

* Moreover, most studies have focused on North American or
European populations, especially non-Hispanic White populations.
It is essential to include other ethnic groups, countries, and cultures
in future studies.

* Limited research has explicitly examined sex differences in the
association between midlife blood pressure, hypertension, or
treatment and risk of ADRD.

* Examination of sex- and gender-related factors that contribute to
sleep disorders across the lifespan and in relation to subsequent risk
of ADRD, as well as sex and gender differences in sleep disorders
among people living with ADRD, is needed.

* Sex and gender differences in the interaction between the biological
and sociocultural factors that contribute to depression, and
subsequently to ADRD, are not well understood. Furthermore,
although the expression of depressive symptoms and treatment
seeking varies by sex, race/ethnicity, and region of the world, the
impact of the differences in expression on the risk of ADRD is not
clear.

* Most research examining TBI as a risk factor for ADRD has been in
the setting of sports. There is an urgent need to expand this research
to other areas. For example, intimate partner violence is at epidemic
proportions, with up to one of three women worldwide experiencing
severe violence during their lifetime, which often results in TBI.2””

» Additional research is needed to further quantify the prevalence of
TBI, including repeat injury, in this population and to examine its
relationship to ADRD.

* Examination of the role of sex and gender in the relationship
between pain, pain medication, and ADRD, particularly across
diverse settings.

Abbreviations: ADRD, Alzheimer’s disease and related dementias; TBI,
traumatic brain injuy.

LMICs.120 Midlife blood pressure has been associated with a risk of
ADRD.!11-117 Males have a higher incidence of hypertension than
females until after females have transitioned through menopause.'18
Limited research has explicitly examined the sex differences in the
association between midlife blood pressure or hypertension and ADRD
risk.11? Although some studies have shown a stronger association
between blood pressure and risk of ADRD in females, 116120 oth-
ers have found no sex difference?21122 or a stronger association in
males.'?2 Sample characteristics, such as age ranges, may explain some
of these inconsistencies. Furthermore, although the burden of hyper-
tension is greater in LMICs, most of the research examining midlife

blood pressure has been conducted in HICs. A systematic review of
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dementia prevalence in Africa (six countries) found that female sex,
older age, and cardiovascular disease were independently associated
with an increased risk of dementia.'2® A cross-sectional study of Chi-
nese older adults (>60) found similar results for female sex, hyperten-
sion, and a number of other cardiovascular risk factors that increased
the risk for MCI and dementia.'?* Neither the studies in Africa nor
in China assessed the interaction between sex and cardiovascular
factors.

Additional longitudinal research in HICs and LMICs is needed to dis-
entangle possible sex-specific pathways linking midlife blood pressure
to ADRD.11?

Metabolic syndrome (MetS), the cluster of cardiometabolic risk fac-
tors including obesity, hypertension, impaired glucose regulation, and
dyslipidemia, is a well-established risk factor for ADRD.12>:126 The
prevalence of MetS in females depends on menopausal status; changes
in sex hormones with the menopause transition promote insulin resis-
tance and a proatherogenic lipid profile, which are causal factors for
impaired glucose regulation and dyslipidemia, respectively.12¢ A meta-
analysis showed that MetS posed a stronger risk of developing ADRD
for females, as compared to males.?2> Explanations include sex differ-
ences in the distribution of central adiposity, lipid profiles, hormones,
and platelet biology and biochemistry.12> For example, findings from
the Jackson Heart Study reported that females had higher abdominal
subcutaneous adipose mass, whereas males had higher abdominal vis-

ceral adipose mass.12¢

5.2 | Sleep

Approximately 50 to 70 million people in the United States alone
report a sleep disorder.}?’ Of the multiple categories of sleep dis-
orders, sex and gender differences have been identified for insom-
nia, obstructive sleep apnea (OSA), and restless leg syndrome.128:127
The male-to-female prevalence of OSA is a 2:1 ratio in the gen-
eral population, 3 but 8:1 or greater in clinical populations.3! Post-
menopausal females are three times more likely than pre-menopausal
females to have OSA.132 Biological contributors to sex-specific sleep
differences include the hormonal and physical changes that females
experience across the menopausal transition. Indeed, menopause influ-
ences the risk of sleep complaints, with up to 26% of peri-menopausal
and post-menopausal females experiencing symptoms that fit the diag-
nosis of insomnia.’®3 Hormones have specific physiological conse-
quences that could explain the risks for sleep disorders. Progesterone
has a sedating effect and can stimulate the ventilatory drive. Estrogen
contributes to upper airway changes, including hyperemia, mucosal
edema, and increased mucus secretion, leading to more upper air-
way resistance.!3* Another potential explanation for the sex differ-
ences in sleep disorders is the differences in the prevalence of risk
factors for certain sleep disorders. Sleep disturbances, for example,
can accompany anxiety and depression, which are more common in
females than males.3>
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5.3 | Depression
Depression is a well-established risk factor for ADRD; however, the
relationship of depression to AD is likely complex and not fully
understood.13¢-138 The literature has identified different hypotheses
regarding this relationship including: (1) depression being a causative
factor for ADRD, (2) depression being a characteristic of the ADRD
prodrome, (3) depression being a reaction to the perception of cog-
nitive decline, and (4) depression and ADRD sharing common bio-
logical mechanisms that may contribute to their conjoint preva-
lence. There is strong evidence supporting all hypotheses, suggesting
that they are not mutually exclusive. Notably, most research exam-
ining depression and ADRD has been conducted in HICs, and has
not adequately considered sociocultural perspectives in the assess-
ment, and diagnosis, of depression. This is a major limitation because
depressive-like symptoms are differentially expressed and experi-
enced by people worldwide and across cultures.137:240 |t has been sug-
gested that there are countries/regions where words for depression do
not exist. 141

Depression is an ADRD risk factor that occurs more often in
females. In 2017, an estimated 17.3 million adults in the United
States had at least one major depressive episode, including 8.7%
of females and 5.3% of males.}*? Sex differences in depression
can begin in early adolescence and persist through midlife, corre-
sponding to the reproductive years in females. A possible reason
for the female susceptibility to depression is the changes in estro-
gen and progesterone that become more pronounced during puberty
and also change during pregnancy. This vulnerability carries through
peri-menopause, often as recurrent episodes, when most depressive
episodes occur.2*® Environmental exposures may also contribute to
gender differences in the prevalence of depression. Lower SES status
among women, gender differences in socialization, and higher rates
of abuse and different coping styles in women, compared to men,
may increase their susceptibility to depression and subsequently to
ADRD.1#4

5.4 | Diet and physical activity

Sex and gender differences in diet exist due to physiological, psycho-
logical, and sociocultural factors, as well as to behavioral norms.145-147
Dietary requirements vary by sex due to differences in metabolism,
body fat distribution, and physiological needs (eg, pregnancy). How-
ever, few population-based studies have assessed whether relation-
ships between diet and ADRD differ by sex or gender. Some stud-
ies reported that a diet low in vitamin B12 (indicated by serum
methylmalonic acid)1*8 or flavonols,'*? high in red meat and fat?® or

150 \were associated with an increased risk

western dietary patterns
of ADRD in men but not women. In contrast, vitamin E°! intake
was associated with a greater reduction in risk of ADRD for women

than men.

Women exercise less than men, on average, across the lifespan.
This is due, in part, to gender roles such as parenthood and caregiv-
ing as well as a lack of encouragement of physical activity for women
historically, and still in some cultures.?2153 Physical inactivity in the
teenage years is associated with obesity and diabetes,>* both of which
are risk factors for ADRD and pose a greater risk for women.1>> Sev-
eral studies have suggested that sex modifies the association between
physical activity and cognition. Older women undergoing aerobic train-
ing showed greater cognitive gains than older men.15¢-158 Similarly,
the Health, Aging, and Body Composition study reported that physi-
cal activity maintenance over 10 years predicted less decline in exec-
utive functions and processing speed among women, but not men.>?
These studies suggest that women may benefit more from exercise to

enhance and maintain cognitive health.

5.5 | Traumatic brain injury (TBI)

Few studies have assessed whether the relationship between TBI and
ADRD risk differs by sex,'¢° and the evidence has been mixed.161-166
This may be because adverse health and psychosocial factors through-
out the lifespan moderate the risk of ADRD following TBI.167-172 For
example, greater exposure to adverse childhood experiences earlier
in life has been observed as a risk factor for both TBI and other
poor health behaviors and outcomes that interact throughout life to
increase ADRD risk.17%173 Many of the overlapping adverse psychoso-
cial risk factors for TBI disproportionally affect women, whereas sports
and occupations, two of the biggest risks for TBI, differentially impact
men.174-176 |n addition, women are at greater risk for poorer health-
related outcomes, including ADRD, even at equivalent levels of these
psychosocial risk factors.*? Few studies of TBI and dementia have been
conducted in LMICs, where TBI rates are often higher than HICs and
few resources for treatment are available. For example, in Pakistan,
domestic violence against women, which sometimes results in head
trauma, is a significant problem.1”” In addition, poor safety conditions,
frequent incidents of terrorism, and political violence also contribute
to the high rates of TBI in Pakistan.1””

5.6 | Pain

Global estimates of pain vary substantially across countries, ranging
from ~10% to 50%.178 Country level factors associated with pain
include income inequality (Gini index), higher population density, gen-
der inequality, lower life expectancy, and region.}’® About 34% of
adults in LMICs reported chronic pain, compared to 30% of adults in
HICs.17? Although there is increasing literature on pain as a potential
risk factor for cognitive decline8%181 and ADRD risk,80.162-184 gey
and gender differences have not been studied widely, and even less so
across cultures. This is animportant topic because females report more
frequent and longer-lasting pain episodes, have more anatomically dif-

fuse pain, and have higher pain sensitivity than men.18>18¢ Women
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also have a greater analgesic response to mu-opioid antagonists and
mixed action opioids, and they experience more adverse side effects
from acute opioid use.’87:188 Gender also influences patient-provider
interactions that influence pain treatment and treatment response.8¢
Pain interference (ie, challenges in performing daily, social, or work-
related tasks due to pain), rather than intensity, may predict ADRD
risk, but longitudinal studies are needed.!8* Recent work also sug-
gests that pain may not be a risk factor for dementia but a prodromal
symptom or correlate.’8? Chronic pain induces dysfunction of the locus
coeruleus noradrenergic system and microglial pro-inflammatory acti-
vation resulting in neuroinflammation in areas of the brain that con-
tribute to both pain and ADRD pathology.82 Sex or gender differences
in the relationship of prescription opioid use—commonly used to treat
pain—with cognition are mixed.2?%-193 Notably, most research on pain
and cognition has been conducted in HICs, even though the majority of

individuals who lack access to pain relief are in LMICs.194

6 | SEX AND GENDER DIFFERENCES IN CLINICAL
PRESENTATIONS (TABLE 5)

6.1 | Sex and gender differences in cognition and
clinical diagnosis

Sex and gender differences in cognition exist throughout the lifes-
pan. Females, on average, perform better on tests of verbal memory
and processing speed, whereas males perform better on visuospatial
tests.34195-199 Language functions are associated closely with memory
functions. However, little research has examined whether or how gen-
der and sex differences in language functions occur in the development,
diagnosis, or progression of ADRD.

Cultural factors can also impact performance on neuropsycholog-
ical tests (see review in Ref. 200, including macrosocietal structures
[eg, economics, sociopolitical history, government structures, and edu-
cational systems]) and individual characteristics, such as cultural val-
ues, race, ethnicity, SES status, language, educational attainment, lit-
eracy, and immigration history.201-203 Therefore, there is a need for
valid tools and normative data to characterize cognitive functioning
across culturally and linguistically diverse populations, to facilitate
AD research worldwide. Similarly, performance on neuropsychological
tests is influenced by an individual’s lived experiences and education
and learning opportunities. Low education levels have been identified
as a risk factor for dementia, 07204205 with known gender disparities
in access to educational opportunities in both HICs and LMICs. Several
measures have been developed to examine neurocognitive function
in populations with high rates of illiteracy and/or low levels of formal
education,2%¢ including the Rowland Universal Dementia Assessment
Scale, 297 NEUROPSI,2%8 or the Figure Memory Test,2°? although addi-
tional tools and normative data to be used in diverse cultural and geo-
graphical populations are still needed.?!? Female advantage on verbal
memory tests has critical implications for early detection and interven-
tion because clinical tests of cognitive function in older adults often do
not consider sex differences.?1! Thus, the verbal advantage for females

could lead to a delayed diagnosis of MCl compared to males, and subse-
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TABLE 5 Gapsinknowledge regarding sex differences in clinical
presentation

Gaps in Knowledge

* Moreresearchis needed to further understand sex differences in
cognitive decline in AD. Particularly, longitudinal studies with AD
biomarker data are needed to track sex differences across the
clinical trajectory of AD, since these differences seem to differ by
disease/pathology stage.

* The generalizability of the female advantage in verbal memory
across race/ethnicity groups is unclear, given that this work extends
from predominantly White cohorts.?419%

* More studies are needed to investigate how sex differences in the
frequency and predictive utility of SCD influence MCI diagnostic
rates and accuracy. Longitudinal studies are needed to address sex
differences in the temporal pattern of changes in SCD in relation to
cognitive decline.

It remains unknown whether sex differences in neuropsychiatric
symptoms are driven by different underlying neurobiological
mechanisms. This could inform sex-specific treatment approaches,
as it is currently unknown whether the response to pharmacological
and non-pharmacological interventions that target neuropsychiatric
symptoms differs by sex/gender.244245

* Uniform reporting of associations by sex is necessary to fully
understand whether sex-specific cut-points of pathology markers
for diagnosis or prognosis are needed.

* Further research is needed to better characterize sex differences in
(1) the progression of AD pathology, (2) how the progression of
different AD pathologies inter-relate, and (3) how progression of
AD pathology relates to cognitive decline across disease stages.

* Few studies have examined sex differences in other factors that
could contribute to differences in biomarker levels between females
and males. For example, blood-brain barrier permeability is greater
in males than females, starting around the age of 6 years,?’” and can
impact the concentrations of both blood and CSF-related
biomarkers.

Abbreviations: AD, Alzheimer’s disease; MCI, mild cognitive impairment;
SCD, subjective cognitive decline.

quently to a more rapid rate of deterioration and diagnosis of demen-
tia for females. Sex-specific norms have been developed,?}2 which
improved the identification and diagnosis of memory impairment in
both males and females in studies within the United States.?'3 How-
ever, these norms have not been widely adopted. In addition, although
there is some evidence that the female advantage in verbal mem-
ory generalizes across race/ethnic groups,®#1%> it remains unknown
how the application of sex-based norms impacts diagnostic accuracy in
more diverse cohorts and in other global settings. The investment in
early-life education and nutrition is crucial for later-life cognitive func-
tioning. A recent study of the Harmonised Diagnostic Assessment of
Dementia for the Longitudinal Aging Study in India (LASI-DAD) cohort
(14 states in India) found that older Indian female adults had lower per-
formance across most cognitive domains compared to their male coun-
terparts; however, early-life SES, health, and education accounted for

the performance gap.214
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Sex- and gender-specific shifts in the balance of resilience and risk
factors to AD pathogenesis vary over the disease course. Although the
sources of the sex and gender differences are not fully understood,
possible explanations include: (1) a greater baseline verbal recall for
older females than males of the same age, which subsequently requires
a greater drop in recall for women to be detected; (2) a slower rate
of cognitive decline for females than males; (3) a sex-specific vulner-
ability of critical brain structures (eg, hippocampal) that occurs ear-
lier for males than females, resulting in greater impairment on verbal
recall during initial disease stages for males; (4) sex-specific differences
in cognitive reserve and compensatory mechanisms215-217; and/or (5)
differences in functional connectivity such that females show greater
efficiency in frontal executive networks, whereas males show greater

efficiency in the posterior default mode network.218

6.2 | Sex and gender differences in subjective
cognitive decline (SCD)

Subjective changes in cognition or memory, commonly referred to as
SCD or subjective memory complaints (SMCs),21? are often a required
component of MCI diagnosis. However, SCD may have different clini-
cal meanings in women versus men in terms of the prognosis of ADRD.
Few studies have examined this important question. Some studies in
the United States and Europe suggest that the prevalence of SCD is
higher for women than men,229221 byt not all.222223 Moreover, the
ability of SCD to predict objective impairment and dementia risk may
differ by sex or gender. US-based studies found that, compared to
males, SMC is more strongly associated with objective memory perfor-
mance among females with amnestic MCI224 and with incident demen-
tia among non-demented older adults followed over 15 years.22! Simi-
larly, in a Colombian cohort of cognitively unimpaired individuals with
autosomal dominant AD and non-carrier family members, women had
greater self-reported SCD than men.225 Study partner-reported SCD
was also a stronger indicator of memory decline in women versus men.
Few studies of SCD have been conducted in LMICs, partly because
cognitive assessments have not been developed or validated and con-
tribute to biases due to education, literacy, and culture.??¢ Using data
from the 10/66 Dementia Research Group (26 study sites in India,
China/Southeast Asia, Latin America, Nigeria, and Russia), SMC was
highest in older adults with depression and dementia (independently)
compared to controls.227 In addition, depression was correlated with
SMC among older adults with and without dementia, emphasizing
the intricate connection of mental and cognitive health, but sex and
gender differences were not examined. Sex and gender differences
in SCD and its prognostic utility could be due to biological and/or
psychosocial factors, including differences in symptom perception or

228,229 230-232 3 known

reporting and rates of depressive symptoms,
correlate of SCD.233234 |n addition, a more precipitous decline from
MCI to AD in females may impact perceptibility.23> Overall, findings
suggest the importance of considering sex and gender when clinically

evaluating SCD.

6.3 | Sex and gender differences in
neuropsychiatric symptoms (NPS)

Studies examining sex and gender differences in NPS in ADRD have
yielded mixed findings. Some studies reported a higher burden of NPS
for females with ADRD than males,23¢237 whereas other studies did
not find sex differences.23823? When specific symptoms are exam-
ined, a higher prevalence of affective symptoms and psychotic symp-
toms among females and a higher prevalence of apathy and agita-
tion among males has been reported.2*0-242 Notably, a meta-analysis
of 62 studies representing 21,554 patients with AD dementia failed
to find associations between sex and total NPS burden, but did find
that females with AD dementia had a greater presence and sever-
ity of depression, anxiety, psychotic symptoms (particularly delusions),
and aberrant motor behavior, whereas apathy was more severe among
males.243

6.4 | Sex and gender differences in neuroimaging
and fluid-based biomarkers of AD pathology

Some studies report that women demonstrate a greater burden of AD
pathology in the early disease stages.2*4~248 |n contrast, other studies
suggest that females have higher levels of brain glucose metabolism?4?
and greater cortical thickness.2°% Thus, more research is needed to
clarify sex-specific resilience and vulnerability to AD pathology across
the clinical spectrum. Furthermore, sex may moderate the associa-
tion between neuroimaging measures of AD pathology and cognitive
function. For example, verbal memory performance among those with
mild-to-moderate, but not severe, AD pathology is better for females
than males. This pattern of findings has been reported for multi-
ple AD-related neuroimaging biomarkers including hippocampal atro-

249 250-253

phy volume,“*” amyloid positron emission tomography (PET),

254 and postmortem tau pathology.2>>

brain glucose hypometabolism
Similarly, research among individuals at genetic risk for autosomal-
dominant AD from a Colombian cohort suggests that females may also
have greater cognitive resilience to AD pathology and neurodegenera-
tion than males.25¢

Fluid-based biomarkers of AD include low cerebrospinal fluid (CSF)
or blood AB42 or the AB42/AB40 ratio as a marker of amyloid pathol-
ogy, elevated CSF, or blood phosphorylated tau (P-tau) as mark-
ers of neurofibrillary tangle pathology, and elevated CSF or blood
total tau (T-tau) or neurofilament light chain (NfL) as markers of
neurodegeneration.2°” Most studies of blood and CSF AD biomarkers
have adjusted for sex, with few examining sex differences.?>® Regard-
ing CSF biomarkers, studies consistently show higher levels of NfL,
a marker of large-caliber subcortical axonal degeneration, across the
lifespan in males.2°?2¢0 |n contrast, an analysis of 10 longitudinal
cohort studies reported that females have higher CSF T-tau levels
than males.?4¢ Cross-sectionally, studies of AB42 or the AB42/AB40
ratio and P-tau have not reported sex differences in CSF levels.261-265

However, females with low CSF AB42 may be more susceptible to
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increased CSF P-tau levels.2é* Despite the consistently higher levels of
CSF NfL in males, studies of plasma or serum NfL generally do not find
sex differences.296267 The reason for this discrepancy is not known.
Three studies reported higher plasma T-tau levels for females,267-269
but other studies have not observed a sex difference for plasma T-
tau, 270271 AB42/40,272273 or P-tau.?’*

7 | DISCUSSION AND FUTURE DIRECTIONS

Numerous studies of ADRD incidence have been conducted world-
wide. However, few studies report estimates by sex or gender, or test
for sex differences, and even fewer evaluate gender in the context of
ADRD risk. Most studies that have examined sex and gender differ-
ences have been conducted in US and European cohorts. The extent to
which selective survival bias and gender-related factors vary by coun-
try and culture, and explain conflicting results in gender and sex dif-
ferences across countries, has not been well studied. Thus, more geo-
graphically and culturally representative studies of ADRD epidemiol-
ogy examining both sex and gender differences are needed. ldentify-
ing geographic drivers of sex and gender differences in ADRD is a first
step in developing interventions unique to each region to reduce these
inequities and to ultimately reduce ADRD risk. These drivers may be
biological or social/cultural in nature, and thus will require interven-
tions at the societal, interpersonal, and/or biological levels. In scenar-
ios where the identified drivers are structural and appear unmodifiable,
the pursuit of health equity may be achieved by intervening in mecha-
nisms linking the exposure to poor brain health through public health
policies.

Many areas of the world do not have adequate estimates of the
prevalence of ADRD because most studies have been conducted in
HICs. This situation has resulted in a lack of replication of many demen-
tia models developed in HICs to LMICs, likely due to HIC models
neglecting the role of social and structural determinants of health,
which accounts for >50% of a country’s health outcomes.?’527¢ |n
addition, the lack of studies in some regions is compounded by mini-
mal data collection in challenging settings, failure to collaborate with
community stakeholders, and a lack of culturally relevant studies and
sensitive measures.22¢ The new realities brought on by rapid global-
ization, international migration, escalating geopolitical conflicts, and
transnationalism require a deep, focal examination of how sex and gen-
der evolves to impact ADRD in LMICs. Future studies need to employ
mixed methodologies to study how the constructs of sex and gender
vary in behavioral roles and norms across cultural settings and their
complex intersection with aging across the life course.

In summary, this review emphasizes the need to expand the defini-
tions of gender and sex, consider sociocultural factors that lead to gen-
der inequities in ADRD, and examine gender and sex differences in AD
incidence, risk factors, and clinical presentations worldwide (Table 6).
Identifying the drivers of ADRD inequities across sexes and genders
will provide the foundation for future interventions aiming to improve

healthy brain aging for all.
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TABLE 6 Recommendations for future research of sex and gender
differences in Alzheimer’s disease and related dementias (ADRD)

Recommendations

* Diagnostic assessments of ADRD should consider availability and
access to health care (type, frequency) across the lifespan to
contextualize prevalence and incidence across countries.

* Gender and sex differences should be examined through
multidimensional models that incorporate measures of health
disparities, disability, stereotypes, and stigma/bias.

* The lack of discussion of sex and gender in underrepresented and
underserved populations reflects the inadequacy of the research on
these populations, not their lack of existence or importance.

* Thereis a need for more research examining the intersectionality of
race/ethnicity, sex/gender, and sociocultural factors in AD risk
factors and clinical presentations in diverse populations worldwide.

* More culturally appropriate training to enhance strategies for
engaging diverse populations in dementia research and care.

* Development of cross-cultural valid and reliable measures to gather
data.
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