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Abstract

Background:Genderandbiological sexare social and structural determinantsof health

and umbrella concepts encompassing many distinct attributes. This systematic review

summarizes measures of gender and biological sex published in the biomedical liter-

ature. The goal was to identify measures that may be useful to researchers studying

Alzheimer’s disease and Alzheimer’s disease related dementias (AD/ADRD).

Methods:A search of PubMed, Embase, and PsycINFO (ProQuest platform) databases

from 2000 to 2021 identified 1454 articles, which were then screened by five inde-

pendent reviewers. Measures of gender and biological sex are summarized according

to theoretical commitments and psychometric properties.

Results: Twenty-nine measures were identified that assessed gender-related con-

structs, and 4 were identified that assessed biological factors. Self-report instruments

characterized aspects of gender, such as gender stereotypes, norms, and ideologies.

Onemeasure was developedwith a focus on older adults (65+ years).

Discussion:Weoffer recommendations to guidemeasurement of gender in AD/ADRD

research, including how the use of specific existing measures may help advance

AD/ADRD research. The lack of gender measures for older adults limits AD/ADRD

research. New measures may be needed to address lifespan and generational differ-

ences in gender factors.

Highlights

∙ A review of articles identifies 29measures of gender in biomedical research.

∙ Gender is captured usingmultidimensional, self-reported concepts.

∙ Onemeasure was developedwith a focus on older adults (65+).

1 INTRODUCTION

TheUnitedStates (US) has set anambitiousnational goal tounderstand

the impact of sex and gender on the trajectories of brain aging and dis-
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ease, phenotypes of dementia risk and responsiveness to treatment,

and influences of gender on disease mechanisms.1 The US govern-

ment defines sex as a biological concept that consists of chromosomal

measurement, sex organs, endogenous hormones, and other features
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encoded in DNA that typically characterize differences between men

and women. The World Health Organization has a similar defini-

tion while also explicitly acknowledging the characteristics are not

mutually exclusive, as there are individuals who possess both.2 Gen-

der, by contrast, is socially constructed and consists of enacted roles

and behaviors that occur in historical and cultural contexts.3 Achiev-

ing this national goal will require scrutinizing how sex and gender

are understood and measured in Alzheimer’s disease and Alzheimer’s

disease-related dementias (AD/ADRD) research.

Sex, also referred to as biological sex, and gender are well-known

social and structural determinants of health (SSDoH). They shape envi-

ronmental conditions where individuals are born, live, learn, work, and

age. As a result, they can impact an individual’s risk for AD/ADRD,

ability to receive a diagnosis, and ability to optimize treatment and

care.4

Studying sex and gender may help explain heterogeneity in cogni-

tive, functional, biomarker, and interventional outcomes in AD/ADRD

research and clinical care. Initiatives that bring a focus on sex and gen-

der may also help improve inclusion and equity for sexual and gender

minoritized (SGM) populations and reduce disparities in care for all

patients. Advancing what is understood about how sex and gender

impact experiences of AD/ADRD could lead to multiple opportunities

to improve health outcomes and healthcare for individuals living with

AD/ADRD and their families.

Measures are needed in order to access the benefits of studying

sex and gender in AD/ADRD research. Sex and gender are broad con-

cepts encompassingmanydistinct attributes.1,3 The specificAD/ADRD

outcomes they affect are highly varied.5–7 Thus, their attributes influ-

encing those outcomes are likely also varied. In other words, a gender

measure intended to investigate its influences in caregiver decision-

making will likely differ from one intended to investigate its influences

on patient cognition. To discover specific influences of sex and gender

in the AD/ADRD research, researchers need to develop standard-

ized concepts and a repertoire of measures for characterizing sex and

gender.

We conducted a review of the biomedical literature to summarize

existing measures of sex and gender. The goal is to outline gaps and

needswith respect to instrumentation for sex and gender in AD/ADRD

research.Our findingsmay help researchers identify existingmeasures

of sex and gender that would be relevant to their research programs

and offer a guide for future research to advance study of sex and

gender in AD/ADRD research.

1.1 Basis of sex and gender informed studies in
AD/ADRD research

The AD/ADRD outcomes that have been demonstrated to differ

between men and women are far ranging, impacting many aspects of

the disease experience from bench to bedside.5–8 Pathological mech-

anisms have been shown to differ; women show greater severity

in disease presentation, including greater hippocampal volume loss,

memory decline, and functional impairment.9–17 In addition, social

RESEARCH INCONTEXT

1. Systematic review: There have been public calls to

advance study of sex and gender in AD/ADRD research.

The authors reviewed literature using traditional (e.g.,

PubMed) sources to identify and summarize measures of

sex and gender used in biomedical research.

2. Interpretation: Findings inform methods for measuring

and investigating sex and gender effects in AD/ADRD

research that builds upon existing biomedical science.

3. Futuredirections: Themanuscript summarizes extant sex

and gender measures, points to applications of sex and

gender in AD/ADRD investigations, and summarizes the

use of sex and gender measures in biomedical science.

The manuscript accomplishes these goals with consider-

ation of how the constructs of sex and gender can vary

globally with cultural context.

policies and practices that affect a person’s likelihood of seeking and

receiving a diagnosis have differential effects on men and women.

About two-thirds of persons diagnosed with Alzheimer’s disease (AD)

are women and 3 in 5 informal caregivers are women.18 Moreover,

studies have shown cognitive outcomes and risk factors for dementia

are differentially impacted in SGMpopulations.19–21

How older adults protect their cognitive health, reduce their risk

for cognitive decline, and manage cognitive changes can all also vary

between men and women.22 This may have important implications

for the development, effectiveness, and translation of risk reduction

programs and disease-modifying interventions. In addition, studies

conducted over a century have shown gender affects older adults’ cog-

nitive outcomes.23 This may impact baseline risk for dementia as well

as methods for diagnosis andmeasurement.

Advancing what is understood of how sex and gender impact the

experience of AD/ADRD could, in several ways, lead to opportunities

to improve care for individuals livingwith AD/ADRD and their families.

It could help explicate factors that modify risk, progression, diagnosis,

and quality of life for persons directly affected by the disease and the

persons who care for them.

2 METHODS

2.1 Data sources

We conducted a search in the PubMed, Embase, and APA PsycInfo

(ProQuest platform) databases for citations matching text keywords

related to sex and gender. The three databases offer comprehensive

coverage of available sources sufficient to support this systematic

review. The Cochrane Handbook recommends a minimum of three

databases for systematic reviews. A 2017 review of systematic review
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research that evaluated the precision in searching multiple databases

found that a combination of Embase and Medline/PubMed recalled

about 92% of citations that would be recalled by searching in all four

of the databases used in their study (Medline, Embase,Web of Science,

andGoogle Scholar).24 In our study, we use Embase,Medline/PubMed,

and PsycINFO as a third topically relevant database.

2.2 Search period

Our search focused on articles published between January 2000 to

December 2021. The original search covered 2000 to mid-2020. In

2022, we updated the search through the 2021 calendar year.

In selecting the year 2000 as the start year of our search period,

we considered the state of the biomedical literature with respect to

the concepts under study and key US governing bodies that would

have influenced the definitions and study of these concepts. We esti-

mated that by the year 2000, the concepts of sex and gender would

have iteratively evolved in meaning and measurement in the biomed-

ical literature as to lend to a meaningful review. The key term “gender

identity”, for example,wasnotdetectable in thewritten corpusuntil the

1960s and then did not appear in any significantway until around 2000

(Appendix Figure 1).

2.3 Derivation of text keywords used in article
identification

We formulated search criteria to identify articles using key terms that

were derived from social and scientific histories of the ideas of sex and

gender and included search terms related to gender such as “measur-

ing gender,” “gender-measure,” “sex/gender sensitivity,” “gender-role,”

“sex roles,” “gender-norm,” “gender stereotypes,” “masculine,” “femi-

nine,” “male,” “female,” “masculinities,” “femininities”. We also included

parameters to ensure our search located articles that involved a “mea-

sure,” “inventory,” “instrument,” or “test”. Primary search syntax is

shown in the e-appendix A. Supplemental searches of indexed and

non-indexed literature were also conducted.

To avoid limiting the articles recalled on sex and gender, we did not

include terms for AD/ADRD in the search.We conducted an intention-

ally broad search of the literature studying sex and/or gender. Our goal

is to identify and evaluate all measures of sex and gender being used in

biomedical science for their potential relevance in AD/ADRD research.

2.4 Abstract inclusion and exclusion criteria

To characterize the use of general categories of measures (struc-

tured self-report measures, biological measures, etc.), we retrieved

all records, excluding only animal studies (n = 25) and non-article

publication types (n= 31).

We use two sets of inclusion and exclusion criteria. To identify and

characterize specific measures of sex and gender, we included arti-

cles that referenced a measure of sex and/or gender in the abstract.

A priori exclusion criteria were: articles reporting on studies on non-

human research samples, non-English articles, articles reporting on

non-US residents, and if the publication types were book reviews and

conference abstracts.

2.5 Analysis of articles

After deduplication of results (n = 141 duplicates removed), 1454

citations were exported to the systematic review processing software

platform Rayyan25 for coding and analysis. A team of five reviewers

independently screened each abstract recalled in the original search to

determine inclusion and exclusion (n= 1419). Two reviewers indepen-

dently screenedeachabstract in theupdated search (n=35). Screening

decisions were blinded, according to evolving inclusion/exclusion cri-

teria derived by group discussion. After individual screening was

completed, results were unblinded and conflicts and concerns were

resolved through group discussion.

From the pool of included abstracts, two researchers independently

screened articles to identify those that reported at least one variable

for sex and/or gender in human subjects. Screening flow is shown in

Figure 1. For articles that referenced ameasure of sex and/or gender in

the abstract, we retrieved the measures and summarized them on the

basis of their theoretical commitments and properties. We also exam-

ined the applicability of measures to AD/ADRD and aging research

with special attention to considerations of older adult populations and

global populations.

We report descriptive statistics (frequencies and percentages) for

all retrieved records except for animal studies (n = 25) and non-article

publication types (n = 31). The total number of records in this analysis

was 1398. This approach to analysis allows us to summarize practices

on the use and reporting of sex and gender measures independent of

cultural setting.

3 RESULTS

We identified 1398 articles that reported sex and/or gender data. We

summarize the sex and gender measures used in US samples on the

basis of their theoretical commitments and properties. We also dis-

cuss the applicability of themeasures to AD/ADRDand aging research.

Table 1 offers a list of key terms and their definitions to aid clarity in our

reporting.

3.1 Self-report measures of sex, gender, and
sex/gender

Most studies in our review used responses from self-report questions

to characterize research participants’ sex or gender identity (n= 1233

of 1398, 88%). The term gender was used in the majority of studies

(n = 671, 54.4%). We also found about one-third (n = 407) reported
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F IGURE 1 Screening flow of articles.Note: Excluded studies were: Animal studies= articles reporting on studies in non-human research
samples. Non-english= articles published in languages other than English. Non-US resident samples= articles reporting on studies in research
samples that do not include in United States residents. Excluded publication type= articles that reflect book reviews and conference abstracts.

responses to these identity questions using the term “sex”. Some stud-

ies (n= 155), particularly those who included onlymen or only women,

did not use either term.

In biomedical research, common practices for collecting sex/gender

data ask research participants to self-identify or ask study staff mem-

bers to make judgments as to which of these a priori categories

best represent the participant.26 Descriptions of the methods used to

gather this information were not consistently reported.

We use the term “sex/gender” in reporting our findings when we

could not discern that a concept pertained only to “sex” or “gender”.
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TABLE 1 Summary of sex and gender concepts reported in biomedical literature, 2000 to 2020

Concept Definition

Gender norms Gender norms define acceptable and appropriate actions for women andmen in a given group or society. A common

gender norm is that women and girls will and should do themajority of domestic work.

Person’s sex as assigned at

birth

An individual’s assignment asmale, female, or intersex based on observation of external genitalia at birth.

Biological sex Sex is a biological concept that consists of chromosomal measurement, sex organs, endogenous hormones, and other

features encoded in DNA that typically characterize differences across male, female, and intersex individuals.

Gender Gender is socially constructed and consists of enacted roles and behaviors that occur in historical and cultural

contexts.

Gender stereotypes A gender stereotype is a generalized view or preconception about attributes, characteristics, or roles that are or ought

to be possessed by, or performed by, women andmen.

Gender ideology Concernedwith describing and explaining how views of men, women, and alternative gender categories differ across

cultures.

Gender identity An individual’s internal sense of being aman, woman, or another identity.

Gender roles Groups of attributes consideredmore appropriate for one sex or gender than another and have been shown to have

both biological and social determinants.

Gender expression Culturally ascribedways that rights, responsibilities, and the identities of individuals are placed in relation to one

another based on attributed gender categories.

Gender

relations/relationships

Concept that captures culturally ascribedways that rights, responsibilities, and the identities of individuals are placed

in relation to one another based on attributed gender categories.

Gender role strain Captures feelings of uncertainty that individuals may experience in doubting their abilities to fulfill culturally

normative gender roles.

Single-item sex or gender identity questions, for example, are insuf-

ficient for distinguishing the social and biological concepts sex and

gender. The items are typically used in biomedical science without

definitions.26 Thus, the reference being used by research participants

when they are answering the questions is often unknown. Sophisti-

cated versions of the questions may ask, for example, “what was your

sex assigned at birth”. This helps to narrow the definition, in this exam-

ple, to genital sex. However, these types of questions are infrequently

used (n= 2).

About a fifth of empirical studies (n = 237, 18.7) used structured

self-report measures other than single-item sex/gender identity ques-

tions to gather data on gender.We identified 29 structured, multi-item

measures of gender used in US-based samples (Table 2). Of the 29 gen-

der measures we found, 27 were self-report tools. Respondents are

asked to use Likert scales to rate how much they agree or affiliate

with statements. Examples of statements are: (1) swearing/obscenity

is unattractive in a woman, (2) men are expected to pay for all the

expenses during a date, (3) it is the woman’s responsibility to take

care of the household, and (4) I feel bad about having multiple sexual

partners.32–34

The 27 self-report measures assessed one or more of four domains

related to gender: (1) stereotypes and discrimination, (2) attitudes

and ideologies, (3) norms, and (4) gender/sex roles. We discuss the

measures on each domain in order in this section. First, we identi-

fied two measures assessing stereotypes and discrimination. They aim

to capture the intersectionality between race and culturally norma-

tive gender roles, and the effect on an individual’s ability to behave

according to those gender norms. Such measures of stereotypes and

discrimination may be useful in studying effects of stigma and stereo-

typed threat in AD/ADRD patient and caregiver experiences. Stites

et al.27 offer discussion of the intersections between gender and AD

stigma.

Second, we identified three instruments assessing attitudes. The

instruments characterize respondents’ reactions toward members of

either their own or other genders. We also identified two measures

that assessed gender ideologies, which are structural systems consist-

ing of multiple attitudes, such as gender roles, norms, or behaviors.28

Measures of attitudes and ideologymay be useful in AD/ADRD studies

of treatment experiences, research participation, and caregiver bur-

den. Differences in gendered beliefs and attitudes, for example, may

help explain disparities in anti-dementia medication use.29

Next, we identified three measures that assessed norms. Instru-

ments measuring norms quantify respondents’ affiliation with cultur-

ally determined gender roles. A closely related domain is sex roles,

which are considered biologically determined such as breast feeding.

Instruments in this categorymeasure behavior characteristics in order

to quantify how much respondents internalize or identify with the

norms associated with a given role.

We found 19 measures of gender roles. The Bem Sex-Role Inven-

tory (BSRI), for example, is a measure of masculinity and femininity. It

includes a list of 60 personal qualities, such as ambitious, loyal, jealous;

and asks respondents to rate themselves on a 7-point Likert scale.

Gender role measures may be useful for studying behaviors and

activities that tend to be segregated between men and women. Social

roles particularly relevant to AD/ADRD research include caregiving,

housework, domestic financial responsibilities, and career choices.
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TABLE 3 Methods of assessing sex and gender concepts reported in biomedical literature, 2000 to 2020

Concept Definition

Respondent rating scale A set of closed-ended items used to characterize individual responses via levels of intensity related to

particular beliefs, feelings, attitudes, or experiences. Total scores aremean of item ratings unless the count of

attributes is most salient (i.e., number of symptoms versusmean agreement.).

Response latencies Response latency is defined as the time in seconds that elapses between the delivery of the stimulus and the

individual’s response.

Social attributes indexes A set of attributes used to characterize an individual with respect to a set of particular attributes.

Biological measures Markers of processes or outcomes that are drawn from the body.

Using scales, such as those identified in this review, to characterize

social roles, AD/ADRD researchers could garner more accurate insight

into pathways that are driving AD/ADRD outcomes and, ultimately,

inform interventions that can optimize patient and family outcomes.

Onemeasure of gender segregationwas identified, which estimated

the mixture of a person’s five friends and five colleagues who were

men and women. Gender segregation is related to the concept of gen-

der roles. Gender segregation, or sex segregation, is the physical, legal,

or cultural separation of individuals based genital or reproductive sex.

Gender segregation can be structurally imposed, for example, through

social policies such as having unisex bathrooms and sports teams as

well as in certain religious laws. It can also happen without structural

antecedents given cultural histories and traditions. Gender segrega-

tion measures may be useful for studying relationship patterns and

other social and structural factors that tend to be separate across

genders.30 AD/ADRD research may find gender segregation measures

useful for understanding social isolation, loneliness, and social sup-

port, which can on their own be key AD/ADRD outcomes but are also

recognized as important determinants of other AD/ADRD outcomes.

3.2 Implicit association gender measures and
multimetric composites

One tool we located that did not rely on a respondent’s ratings was

theGender Implicit Association Test (GIAT).35 TheGIATmeasures gen-

der role identification through differences in an individual’s response

latencies when confronted with stereotypically congruent and incon-

gruent pairings. Similarly, the Labor Force Gender Index (LFGI)36 also

does not rely on respondent ratings. The LFGI estimates a gender coef-

ficient based on gender-biased social patterns, such as hours spent

caring for children or working, level of education, and men-to-women

ratiowithin the respondent’s occupation.Methodsof collecting sexand

gender data are summarized in Table 3.

3.3 Biological sex measures

In US-based samples, we found four studies reported collecting bio-

logical measures of sex (Table 4). Biological sex measures include

markers collected from the body. Markers can be from chromosomes,

gonads, hormones, genitals, and dimorphic characteristics.37 Sexually

dimorphic features vary and include metabolism, immune system, and

stature.38

Threeof the fourmeasuredendogenoushormones related toandro-

gens levels (n = 2) and prenatal estrogen levels (n = 1). The fourth

evaluated the sexually dimorphic quality of the ratio in the length

between the index finger and ring finger on a hand (n = 1). Measures

of biological sex may be useful in AD/ADRD research. They may help

specify causal relationships. Estrogen levels, for example, may influ-

ence ventricular volume.31 By measuring estrogen rather than relying

on self-report sex as a proxy, researchers can more directly study the

effects of biological sex on the brain.

3.4 Considerations for aging and global
populations

Wediscuss the applicability of extant sex andgendermeasures to aging

and global populations.We focus on these twobroad populations given

their relevance to AD/ADRD research.We address available measures

and considerations for gaps and goals.

3.4.1 Older adults

Sex and gender measures have generally not been developed for older

adults.Of the29 tools identified in our review, only one, theAgingMen’s

Masculinity Ideologies Inventory (AMMII),39 was created to understand

an aspect of gender as it operates in later life (≥65 years). The AMMII

was developed in a sample of 601 (50.8%) cis-women, 577 (48.7%) cis-

men, and less than 1% transgender and other, all between the ages of

31 and95. The15-item total score characterizes an individual’s general

later-life masculinity ideology.

AD/ADRD researchersmay need to consider the validity and appro-

priateness of existing sex and gender measures when they consider

using them. There are many differences known between older men

and women.40 Measures of gender and sex that are focused and

specific may help discover what is causing those differences. In partic-

ular, biological sex measures, which can change developmental stage

and environmental exposures, may help characterize sex effects on

cognition over the life course.
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TABLE 4 Summary of biologic sexmeasures reported in biomedical literature, 2000 to 2020

Authors Title Purpose

Year

published Journal

Biological trait being

measured

Rammsayer, et al. Sexual dimorphism in

second-to-fourth digit

ratio and its relation to

gender-role

orientation inmales

and females

Examine the association

between 2D:4D ratio

and gender-role

orientationa

2007 Personality and

Individual

Differences

Androgens

Prenatal estrogens

Second to fourth

digit (2D:4D) ratio

Troche, et al. The relationship of digit

ratio (2D:4D) and

gender-role

orientation in four

national samples

Examine the influence of

nationality on the

relationship between

2D:4D ratio and

gender-role

orientationa

2007 Journal of Individual

Differences

2D:4D ratio

Makrantonaki,

et al.

Androgens and ageing of

the skin

Review the role of

androgens in the

initiation of skin aging

2009 Current opinion in

endocrinology,

diabetes, and

obesity

Androgens

Batista et al. Psychosexual Aspects,

Effects of Prenatal

Androgen Exposure,

and Gender Change in

46,XYDisorders of Sex

Development

Examine the impact of

prenatal sexual steroid

exposure and external

genital virilization on

human psychosexual

development

2019 The Journal of clinical

endocrinology and

metabolism

Prenatal sexual

steroid exposure

external genital

virilization

aRole orientation asmeasured by the Bem Sex Role Inventory (BSRI).

3.4.2 Time and place as considerations in gender
measures

Because it is a culturally defined construct, gender can vary across soci-

eties and generations. No measures that we found addressed social

and generational change directly in the design or development of the

instruments. In otherwords, extantmeasures appear bound to the spe-

cific historical and cultural pointwhen theywere constructed. Thismay

be a limiting factor to their use as they may lack cultural relevance and

appropriateness. Researchers may need to consider these issues when

considering using existing sex and gendermeasures.

As social events unfold, such as war, economic shifts, and medical

advances (i.e., birth control, family planning, etc.), the effects of sex

and gender on individuals can change. Individuals may be, for example,

drafted into wartime conflicts that predispose them to cardiovascular

risks of dementia from tobacco, head injury, or psychological risks of

dementia due to depression, stress, or other factors. This means sex

and gender effects can differ from one place to another and from one

time to another. Sex/gender disparities are documentedworldwide but

their magnitude and character varies.41

Addressing time and place is essential for advancing measurement

and study of sex and gender effects in AD/ADRD science. This is

essential for being inclusive and responsive to cultural customs. Some

cultures incorporate a variety of gender identities, such as Two-Spirit

individuals of the Indigenous North American peoples,42 Hijras of

India,43 and bissu of the Bugis in Indonesia.44 In the US, for example,

gender inequality changed notably from 1970 to 2018,45 suggesting

the gendered experiences of olderAmericansmay differ by generation.

Moreover, individuals’ responses on gender measures are influenced

by the terms and vocabulary, which can have or lose relevance based

on time and place.

When conducting our analyses, we observed that many of the mea-

sures identified in theUS samplewere also being used in other nations.

The Conformity toMasculine Norms Inventory, for example, appeared

frequently in both groupings. We also noticed the countries repre-

sented in the data were heavily skewed toward the West; the bulk of

studieswere from theUS (n= 947). Among others, therewere 15 stud-

ies reporting on Japanese samples and 3 from Africa. Notably, similar

measures, like the BEM Sex Role Inventory, a gender measure devel-

oped in the US in the 1970s,60 were being used across these culturally

heterogeneous settings.

4 DISCUSSION

We conducted a review of 20 years of biomedical literature in order

to inventory measures used to study the effects of sex and gender in

medicine. We found most studies in our review used responses from

self-report questions to characterize research samples based on the

compositionofmenandwomen (n=1233, 88%). About a fifth of empir-

ical studies (n = 237, 18.5%) used structured measures other than

single-itemsex/gender identity questions to gather data on gender, and

a few studies reported collecting biological sexmeasures (n= 4).

The goal of the current review was to identify whether there may

be extant sex and gender measures that could be useful for advancing

the study of sex and gender in AD/ADRD research. This contrasts with
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prior studies that have focused on synthesizing results from studies

of sex/gender differences in AD/ADRD outcomes.5–7 Our study iden-

tified measures of sex and gender and raised the question: Are there

existing measures capturing aspects of sex and gender that would be

relevant to AD/ADRD research? Three elements seem relevant in eval-

uating the answer to this question: a measure’s content, its suitability

for older adults, and psychometric qualities. We discuss our findings

with respect to each.We also discuss sex and gender constructs poten-

tially relevant to AD/ADRD research for which there are currently no

measures.

Our findings showed that existing measures of gender varied in

focus, including gender stereotypes and discrimination, attitudes and

ideologies, and social role responsibilities. Most of the instruments we

foundmeasured attitudes and ideologies. Thesemeasures may be use-

ful in studying treatment seeking, research participation, and caregiver

burden. Theymay help explicateways that gendered attitudes and ide-

ologies influence prejudicial beliefs about AD/ADRD,46 which in turn

can impact access to care, willingness to receive care, adherence to

care recommendations, andwillingness to participate in research.47

Another category of gendermeasures thatwe identifiedwere those

instruments that characterized social roles. In the US, gendered social

roles include a rangeof activities that havehistorically been segregated

between men and women such as childcare and caregiving, house-

work, domestic financial duties, and career pursuits (e.g., nurse, teacher

vs. fire/police).48 Many of these activities are relevant to AD/ADRD

research and care. Moreover, science of what is understood about

determinants of social role behaviors is an evolving area. Emerging

data, for example, show social roles can have both biological and social

determinants.49 Social roles measures may be useful in AD/ADRD

research for studying disparities in access to care, caregiving, and

participation in research. Theymay also aid efforts to detect early cog-

nitive declines thatmanifest in performance of household and financial

responsibilities.

In AD/ADRD, gender roles can change as a consequence of demen-

tia. Both members of a spousal dyad, for example, may experience this

as one partner transitions to cognitive and functional decline and the

other takes on caregiving responsibilities. The transitions can lead to

gender role strain, which captures feelings of uncertainty that indi-

viduals may experience in doubting their abilities to fulfill culturally

normative gender roles.50

We found multiple measures that capture gender role strain and

stress. The Masculine Gender Role Stress scale lists situations (i.e.,

being perceived as gay, being less athletic, telling a spouse you love

him/her) and asks respondents to rate howmuch each situation causes

themstress.51 Similarly, the FeminineGenderRole Stress Scale lists sit-

uations (i.e., Feeling pressured to engage in sexual activity, Having your

car break down on the road, Trying to be a good parent and excel at

work, Trying to get your spouse to take responsibility for child care)

across five factors (i.e., Fear of unemotional relationships, Fearof physi-

cal unattractiveness, Fear of victimization, Fear of behavior assertively,

and Fear of not being nurturant).34

While gender role strain may apply to any person, the construct

was developed to capture role transition at the onset of disability –

particularly roles connected to a person’s expression of gender iden-

tity. The gender role strain paradigm may be useful for appreciating

the demands of gender-specific roles on individuals and the congru-

ence of those demands with the individual’s public persona. This is a

unique challenge in AD/ADRD as the lives of individuals with demen-

tia are transformed by onset of cognitive and functional impairments.

Moreover, the gender role strain paradigmmay informmodels of stress

and resilience and explaining heterogeneity in patient and caregiver

outcomes.

In examining the available measures of gender, only one was devel-

oped with older adults in mind. Research is needed to evaluate the

relevance, performance, and sufficiency of gender measures in older

adults. While sex and gender measures seem to be often assembled

based on expert consensus,52,53 empirical studies are needed to evalu-

ate sex andgendermeasures in individuals forwhomtheyare intended.

Such studies would also allow for the evaluation of measures in older

adults with varying sociocultural characteristics. This is important as

aspects of sex and gendermay vary across social and biological groups.

The psychometric qualities of the existing gender measures in the

biomedical literature varied in suitability for AD/ADRD research as

based onmeasures’ length, temporal sensitivity, andmethod of admin-

istration. Structured instruments identified in our review ranged in

length from5 to252 items. Instrumentswith items in the upper bounds

of this range are infeasible in AD/ADRD research. Moreover, items on

all 29 instruments reflected fixed notions of masculinity and feminin-

ity. That is, they are anchored to the generation and historical period in

which theyweredeveloped. Thismaypresent a limitationof their use in

AD/ADRD research and care given that older adults demonstrate gen-

erational differences in gender expression, ideologies, attitudes, and

other areas.54,55

The method of administration was largely via self-report. All but

2 of the 29 identified gender measures, in addition to the self-report

sex/gender identity items, were self-report tools that asked respon-

dents to rate howmuch they agreed or identifiedwith statements. This

approach seems useful for capturing individuals’ experiences, beliefs,

attitudes, and identity.However, self-report datahave limitations. They

are unable to capture some elements of sex and gender that may be

relevant to AD/ADRD research and care.

Self-report metrics tend to conflate sex and gender independent of

the specific structure of a given item. That is, for most individuals, how

they identify their sex is consistent with how they identify their gen-

der. Other types of data collection – such as biological measures, like

endogenous hormones, passive data collection, like smartwatches, and

implicit metrics, like the GIAT,35 and multimetric composites like the

LFGI,36 may enhance study of sex and gender effects. They may offer

measurement approaches that are less influenced by social reporting

bias, that capture more of the broad array of ways sex and gen-

der can influence individuals, and that more directly assess biological

variability in sex.

While there are some methods and measures available that may

help characterize effects attributable to sex and gender, we found

instead a heavy reliance on data from self-report identity questions

(n = 1233, 97%). Only about 1 in 5 empirical studies (n = 237, 18.7%)
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used structured self-report measures other than single-item sex or

gender identity questions to gather data on gender. These findings are

consistent with those from a recent review by Rechlin et al.56 More-

over, our findings on the limited use of the sex and gender methods

and measures by biomedical researchers offer a possible explanation

for Rechlin and colleagues’ conclusion that “progress to date has not

been sufficient to address the importanceof sexdifferences in research

for discovery and therapeutic potential for neurological andpsychiatric

disease.”

Lack of validated life course and population-specific measures

(i.e., measures designed for older adults) may also explain the lack

of progress on understanding sex and gender effects in biomedi-

cal research. There may be aspects of gender that are relevant to

AD/ADRD research that do not yet have published measures. First,

gender expression and its related trait constellations may be useful

in elucidating components of sex and gender disparities in AD/ADRD

risk57 and aid efforts aimed at conceptualizing these disparities as

correlates of AD/ADRD risk factors.58 Gender expression captures

how individuals perform their gender. In otherwords, gender-informed

behaviors. Some scholars have referred to this as “doing femininities

andmasculinities,”59 which refers relatively enduring personality traits

that are often conceptualized along continuums representing mas-

culinity, femininity, and androgyny.60 Studies of gender expressionmay

help discover whether there may be gendered behaviors that modify

risk of AD/ADRD.

The concept of gender relations (e.g., social support) may also be

relevant in AD/ADRD research and care. Gender relations capture

culturally ascribed ways that rights, responsibilities, and identities of

individuals are placed in relation to one another based on attributed

gender categories.61 Unequal gender relations among men, women,

and alternative gender categories matter in AD/ADRD. The disparities

impact caregiving, care arrangements, participation in research, and

risk of clinical symptoms, whereby women are known to dispropor-

tionately incur these burdens.62–64 Little is known about marginalized

groups. Influences of disparities in gender relations may also spill over

to impact dynamics within gender categories. Some of the ways this

occurs may be relevant to AD/ADRD research and care. For exam-

ple, women may offer support to other women in order to facilitate

overcoming barriers to participating in AD/ADRD research.65

We found no measures that characterized both sex (biological) and

gender (sociological). Measures we found offered ways to character-

ize social and institutional factors of gender but did not incorporate

any appraisals of biological factors. The inverse is true for the four

biological measures of sex that we found, including endogenous hor-

mones (n = 3) and sexually dimorphic quality of digit ratio (n = 1). The

measures of biological sex that we found may be useful in AD/ADRD

research as they may capture variance that is otherwise lost or missed

in self-report measures and thereby help explicate how sex influences

disease mechanisms.5,6,62 Moreover, sex and gender are dynamic sys-

tems that can and do influence each other. Well-specified measures

that independently capture both sex and gender may help foreground

amore complete context for scientific investigations and aid in advanc-

ing knowledge of reciprocities between sex and gender as well as

disentangling their individual roles. This, in turn, would be useful in

understanding their effects over the life course and influences on dis-

easemechanisms. In addition, an approach that offers amore complete

context for investigations would also recognize that science is situ-

ated in historical and cultural contexts that influence understanding of

sex and gender, particularly in ways that limit or misconstrue what is

known about women.66 This also includes SGMpopulations.

Clinical interviews to collect dataon sexandgender life courseexpe-

riences may also aid AD/ADRD science, in addition to psychosocial

coefficients and biological metrics. Structured clinical interview data

could aid in capturing development histories and life span experiences

that could garner information relevant to understanding AD/ADRD

risk. For example, transition from perimenopause to postmenopause,

as well as changes in sexual function can all be indicators of endoge-

nous hormone states that can impact cognitive function and neural

anatomy.67–69

5 LIMITATIONS

Because gender is a major focus of this study and gender is a social

construct that can vary across cultures, we only included articles with

US-based research samples in the analysis of specific measures. How-

ever, when possible, we summarize the general types of measures in

human subjects’ studies, independent of the cultural or national origin

of study samples. We found the undertaking informative for under-

standing the state of the science on sex and gender measures from a

global perspective. When conducting our analyses, we observed that

many of themeasures identified in the US sample were also being used

in other nations. There is a need for future research to understand the

context dependency of sex and gender measurement. Currently, some

studies may be conflating gender effects with acculturation effects.

Moreover, there were no studies from many countries, some notably

inwhich sex and gendermay have themost oppressive effects. There is

a need to expand study of sex and gendermeasurement to increasingly

heterogeneous and culturally divergent populations.

Because we could not identify, analyze, and contextual measures by

culture group or nationality, the applicability of our findings to coun-

tries outside the US is limited. Specific recommendations may not be

applicable.Moreover, theremay be versions of somemeasures that are

relevant to countries outside the US that are not listed in our results.

Our approach and conclusions regarding the further study of sex and

gender in AD/ADRD research may be useful for advancing this line

of research in the US and elsewhere. In addition, our search did not

include all possible data sources or years. It is possible that we may

have inadvertently missed relevant scholarship even though we likely

identified the bulk of this information.

6 CONCLUSION

Existing sex and gender measures may add value to AD/ADRD studies,

particularly those related to understanding social and psychological
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aspects of patient and caregiver experiences and those that aid in

characterizing biological diversity. Further study is needed to validate

existing measures in older adult samples and new instruments may

also be needed to address temporal aspects of gender that change

across generations. Advancement in measurement of sex and gender

in AD/ADRD research may aid improvements downstream in patient

care.
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APPENDIX A

Sample Search (PubMed): ("measuring gender"[tiab] OR gender-

measure*[tiab]OR "sex/gender sensitivity"[All Fields] OR “Gender role

attitudes” OR ((gender-role*[All fields] OR “sex roles”[tiab] OR gender-

norm*[tiab] OR “gender stereotypes” OR “gender stereotyping” OR

“stereotypical” OR social-construct*[tiab] OR socially-constructed

[tiab]) AND (masculine* OR feminin* OR male[tiab] OR female[tiab]))

OR “masculinities” OR “femininities” OR “gender practice” OR “hege-

monic masculinity” OR “conformity to masculine norms” OR “con-

formity to feminine norms”) AND (Measurement[tiab] OR Measuring

OR measure* OR “personality inventory” OR “inventory”[tiab] OR

instrument* OR "Current Procedural Terminology"[Mesh] OR "Ter-

minology as Topic"[Mesh] OR “psychological tests”[All Fields] OR

“psychological testing”OR "StandardizedNursing Terminology"[Mesh]

OR "Systematized Nomenclature of Medicine"[Mesh] OR "Uni-

fied Medical Language System"[Mesh]) AND ("2000/01/01"[PDAT] :

"3000/12/31"[PDAT]) AND English[lang].

APPENDIX B

Appendix B Figure 1. Line Graph of the Google Books corpus for the term “gender identity”.Note: A line graph produced by Google Books Ngram

Viewer,which is an online search engine that charts the frequencies of appearance of a set of strings using a yearly count of n-grams found in printed

sources published between 1900 and 2019 in Google’s text corpora in English.

https://doi.org/10.2190/IL.16.3.a
https://doi.org/10.2147/CLEP.S37929
https://doi.org/10.1177/0164027514549258
https://doi.org/10.1177/0164027514549258
https://doi.org/10.1080/08952841.2014.854571
https://doi.org/10.1080/08952841.2014.854571
https://doi.org/10.1002/alz.043404
https://doi.org/10.1057/9780230368385_8
https://doi.org/10.5498/wjp.v11.i8.412
https://doi.org/10.5498/wjp.v11.i8.412
https://doi.org/10.3389/fendo.2021.652512
https://doi.org/10.1097/GME.0000000000001910
https://doi.org/10.1002/dad2.12359

	A systematic review of measures of gender and biological sex: Exploring candidates for Alzheimer’s disease and related dementias (AD/ADRD) research
	1 | INTRODUCTION
	1.1 | Basis of sex and gender informed studies in AD/ADRD research

	2 | METHODS
	2.1 | Data sources
	2.2 | Search period
	2.3 | Derivation of text keywords used in article identification
	2.4 | Abstract inclusion and exclusion criteria
	2.5 | Analysis of articles

	3 | RESULTS
	3.1 | Self-report measures of sex, gender, and sex/gender
	3.2 | Implicit association gender measures and multimetric composites
	3.3 | Biological sex measures
	3.4 | Considerations for aging and global populations
	3.4.1 | Older adults
	3.4.2 | Time and place as considerations in gender measures


	4 | DISCUSSION
	5 | LIMITATIONS
	6 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION
	APPENDIX A
	APPENDIX B


