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Abstract: Current trends in quantitative health research have highlighted the inadequacy of the usual
operationalisation of sex and gender, resulting in a growing demand for more nuanced options.
This scoping review provides an overview of recent instruments for the operationalisation of sex
and gender in health-related research beyond a concept of mutually exclusive binary categories as
male or masculine vs. female or feminine. Our search in three databases (Medline, Scopus and
Web of Science) returned 9935 matches, of which 170 were included. From these, we identified
77 different instruments. The number and variety of instruments measuring sex and/or gender in
quantitative health-related research increased over time. Most of these instruments were developed
with a US-American student population. The majority of instruments focused on the assessment
of gender based on a binary understanding, while sex or combinations of sex and gender were less
frequently measured. Different populations may require the application of different instruments, and
various research questions may ask for different dimensions of sex and gender to be studied. Despite
the clear interest in the development of novel sex and/or gender instruments, future research needs
to focus on new ways of operationalisation that account for their variability and multiple dimensions.

Keywords: sex; gender; intersectionality; scoping review; operationalisation; quantitative health
research; epidemiology

1. Introduction

Sex and gender dimensions are relevant to all areas of health sciences, and the request
for their consideration in health-related research has been growing in recent years [1-5].
This is exemplified by an increasing demand by journals, policymakers and research funders
for more systematic and comprehensive integration of sex and gender [6,7]. One such
example is the EU research framework program Horizon Europe, which underscores the
integration of the gender dimension into research as an important aspect of the European
strategy to improve gender equality [8].

In current research practice, researchers generally ask survey participants about their
sex and/or gender without further defining their underlying assumptions of these concepts.
The possible answer options given are man/male or woman/female, which are usually
conceptualised as mutually exclusive [9]. This operationalisation of sex or gender lags
behind the current thinking of biological and social sciences, as both sex and gender are
considered multi-layered, variable and non-binary [2,9]. Sex is generally operationalised
through biological markers, such as primary and secondary sexual organs, chromosomes
and hormone concentrations [8]. The term gender is used to describe social aspects and
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acts on an individual as well as on a structural and symbolic level [2]. From a recent
developmental biology perspective, sex and gender are seen as entangled and interacting
throughout human life [9-12]. Several researchers have recommended acknowledging
this constant interaction by using the term ‘sex/gender’ [13,14]. Furthermore, sex/gender
interacts with other categories of social inequality and power relations [2,10]. For this
reason, researchers are advised to take other social categories into account when conducting
sex/gender-related health research [10,15,16].

In the current research, the terms and the concepts of sex and gender are often con-
fused or used inconsistently. One example is the often used Bem Sex Role Inventory (BSRI)
which should, based on its measured content, actually be called a ‘gender’ role inven-
tory [9]. Guidelines on the consideration of sex/gender in research recommend carefully
reflecting on the aspects of sex/gender that are under discussion and precisely using the
corresponding terminology [12,17].

The complexity of sex/gender requires a differentiated assessment, and there is a
need for precise instruments grounded in theory for the measurement of sex/gender [18].
Therefore, researchers have developed new approaches to measure different dimensions
of sex and/or gender in recent years [15,18-20]. One example is the so—called two-step
approach [21,22]. This instrument measures both sex/gender assigned at birth and gender
(in terms of current gender identity) in a way that enables the classification of cisgender,
transgender and other gender-diverse respondents [23]. Other researchers have focused
on the development of instruments that analyse the relevance of sex and/or gender based
on existing data [20,24-26]. One example of this approach is the ‘gender index’ of Pelletier
and colleagues, which was created from existing cohort data and classified participants on
a one—-dimensional scale from very feminine to very masculine. One of the elements of the
‘gender index’ is the BSRI [20], which is a questionnaire developed in 1974 that is still widely
used in health-related research today [1,27,28]. The BSRI measures participants’ match
with a defined set of personality traits to assess their degree of femininity, masculinity and
androgyny [29].

Within the interdisciplinary research project DIVERGesTOOL, we are developing a
toolbox for an adequate assessment of sex/gender variety in quantitative health research.
As a first step, we set out to map and evaluate the existing literature about the operationali-
sation of sex and gender in health-related research. Previous work to map and evaluate
existing literature has mostly focused on the operationalisation of gender [30,31] and not
on providing a broad and systematic overview. With this scoping review, we are trying to
fill this gap and encourage a discussion about the operationalisation of sex and/or gender
that inspires researchers to experiment with different instruments. Additionally, we want
to identify areas that require further focus in the future.

The objectives of this review are:

(1) Toidentify and characterise instruments used in current quantitative health-related
research to measure sex and/or gender;

(2) To provide an overview of whether and how sex and/or gender is conceptualised
within the identified instruments.

With the term ‘instrument’, we refer to all questionnaire items, scales, indices and tools
that have been developed by one author or a research team with the intention of measuring
one or multiple dimensions of sex and/or gender.

2. Materials and Methods

We conducted a scoping review following the PRISMA Extension for Scoping Reviews
(PRISMA-ScR) [32]. Beyond the mere description of the identified sex and/or gender
instruments, we also included a critical appraisal.

2.1. Search Strategy

In August 2020, we searched the three electronic databases MEDLINE (via OVID), Web
of Science Core Collection and Scopus. The search strategies were drafted by an experienced
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librarian and further refined through team discussion. The final search syntax consisted
of five different search strings applied to the title and keywords. The complete search
strategy can be found in the supplement (Supplementary Table S1). Four search strings
covered different search terms related to the concepts of sex/gender and instruments. A
fifth search string comprised search terms related to intersectionality and instruments in a
simplified version in order to identify those publications that did not contain terms related
to sex/gender in title or keywords but that measured aspects of sex/gender. Search results
were exported to and assessed with EndNote to facilitate the selection process and reviewer
coordination. Duplicates were removed electronically and also manually by one researcher.

2.2. Eligibility Criteria

We restricted our search to publications in English. We included all original studies
describing the development, application, comparison, validation or test of one or multiple
instruments that measure one or various dimensions of sex and/or gender. Based on the
limitations described in the introduction of this review, we wanted to identify instruments
that go beyond the simple classification of participants into the mutually exclusive binary
sex/gender categories ‘man/male” and ‘woman/female’ either based on a single item
question or the assumption of the researchers. Therefore, we only included publications
that used instruments following a different approach. We focused on the operationalisation
of sex/gender in health-related research. For our review, we followed the definition of
health provided by the World Health Organisation (WHO) [33] and included publications
that analyse any health outcomes or health-related factors. As we were only interested
in the instruments currently used, we included papers published online or in print from
January 2000 through to August 2020. Studies that do not focus on humans and studies
describing instruments developed or used to measure sex and/or gender in children and
adolescents under 18 years old were excluded.

2.3. Selection Process

First, two reviewers independently screened the titles and abstracts of all results of
the literature search against eligibility criteria. Any disagreements about eligibility were
resolved by discussion and consultation with a third reviewer, if necessary. In a second step,
full texts of all potentially relevant articles were checked for eligibility by two independent
reviewers. After reading the first 50 publications, the two reviewers met and discussed
the results. The strategy was refined before continuing with the selection process. The
final selections of the two reviewers were compared, and any disagreements were solved
by discussion.

2.4. Data Extraction and Further Characterisation of the Instruments

For data extraction, we developed a data—charting form for use in Microsoft Excel.
The extraction was carried out by one reviewer and then double-checked by a second
independent reviewer. Disagreements were resolved by discussion. After extracting the
first twenty included papers, reviewers met to confirm and adapt the extraction criteria.
We extracted data on article characteristics (e.g., publication year, country of origin, and
disciplinary field), details on the sex and/or gender instrument(s) applied (e.g., name and
version) and further information about the instrument’s evaluation and reasons for their
use. A final version of the charting form can be found in the supplement (Supplementary
Table S2).

In addition, further information was collected for all identified sex and/or gender
instruments. We collected data on the instruments’ aim, their structure (e.g., number
of items and sub-scales), and the instruments” development (e.g., country and year of
origin and characteristics of the population that was used for the development or the
first validation). If any information was not yet available in the included publications,
further research was done. Any missing information was marked as such. The research was
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performed independently by two researchers, and disagreements were solved by consensus
and discussion with other reviewers if needed.

2.5. Analysis

For every instrument retrieved through the search, we recorded the study population
included at the time of development, as well as the country of origin and discipline of the
corresponding author (please see Supplementary Table S2 for further detail). We counted
the frequency of application of every instrument and reported if instruments were used
multiple times or validated in different population samples.

We classified the instruments based on their approach and the dimensions of sex
and/or gender that were assessed. For this purpose, we established five differentiations:

(a) We distinguished between those instruments that have to be employed during data
collection and those applied for secondary analysis using already existing data.

(b) We categorised the instruments based on measured dimensions of sex and/or gender
and their approach. Since the terms ‘sex” and ‘gender’ are often confused with each
other [11,17,34] and we wanted to achieve comparability, we did not rely on the
terminology used in the included publications. Instead, we grouped the instruments
according to their captured content. All instruments assessing biological dimensions
(e.g., hormonal transition) were categorised as measuring sex, while those focusing
on social dimensions (e.g., gender identity) were considered as ‘gender instruments’.
Measurements assessing both social and biological dimensions were categorised as
‘sex+gender instruments’.

(¢) We additionally classified the instruments into external and self-assessment instru-
ments. Within the external assessment instruments, the participants agree with certain
behaviours or traits, and an external person (e.g., the researcher) then assigns the
participants to a sex and/or gender category based on these answers. In contrast to
this, within the self-assessment instruments, the participants classify themselves into
one or multiple sex and/or gender categories.

(d) We distinguished between instruments that are used to assign participants to one
or multiple sex and/or gender categories or those that measure the participants’
conformity, degree of belonging to a sex and/or gender category or the expectations
and stress participants experience connected to a determined sex and/or gender role.

(e) We differentiated whether the instruments work only with the categories male/female
respectively masculinity /femininity (while also allowing different approaches, e.g., var-
ious grades of femininity /masculinity) or whether they propose other sex and/or
gender categories (e.g., developing the category ‘androgyny’ based on certain grades
of masculinity and femininity). All information used for these categorisations was
taken from the information provided by the authors who developed the instruments.
The categorisation was performed by two independent researchers, and any disagree-
ments were solved by discussion.

To assess temporal developments or trends, we plotted the year of publication of the
included studies. For comparison, we also plotted the number of all publications released
in the databases Medline (via Ovid), Scopus and Web of Science from January 2000 to
August 2020. To achieve comparability, the four distributions (including studies and total
numbers of publications in each of the three databases) of publication frequency per year
were standardised before comparison. Therefore, for every distribution, we calculated the
difference between the observed number of publications and the mean value of publications
per year and divided the result by the standard deviation.

We used a bar chart to visualise the date of development and application of the
recorded instruments. Date of development was defined as the publication date of the
original instrument, and application dates were based on subsequent publications making
use of the instrument. Both distributions were categorised according to (a) whether the
instruments measure gender, sex, sex + gender and (b) whether the publications are
primary publications or secondary analyses. Instruments that measure gender were split
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into (a) external categorisation of the participant’s gender (by researchers) or (b) self-
assignment by the participants.

Additionally, we assessed whether the instruments already contain further differenti-
ations of sex and/or gender categories by an internal structuring through further social
categories in line with the intracategorical complexity approach of McCall [35].

3. Results
3.1. Characteristics of Publications and Instruments
Our systematic search identified 9935 records (Figure 1). After the removal of dupli-

cates, we screened 5681 potential eligible publications against eligibility criteria. Finally,
we included 170 publications in the analysis of this review.

Identification of studies via databases

Publications identified from Publications removed before
5 databases (n = 9935) screening:
% Scopus (n = 4534), Web of Science (n ¥ Duplicate records remaoved
E =4267), Medline (n =1134) (n = 4254)
o + Publications excluded that do not
Publications screened » meet the eligibility criteria
(n=5681) [n = 5403):

- No measurement of one or
various dimensions of sex
and/or gender
Published in language other
than English
No health—related topic
No original study
Theoretical paper

& No adults study populatign
'E No human study population
E
&
Publications sought for retrieval | Fulltexts not retrieved
(n=278) " (n=5)
y
S & s, Publications excluded:
Publications assessed for eligibility* ol - No measurement of sex/gender
(n=273) (n=77)
L - Published in language other
than English (n = 5)
No health-related topic (n = 7)
Review (n =2)
E Publications included in review Qualitative assessment of sex/
= gender (n=6)
E (n=17) No studies (n =6)

Figure 1. Flow diagram. t two reviewers independently screened title and abstracts, disagreements
for 161 publications (2.8%), solved by discussion;  two reviewers independently analysed the full
articles, disagreements for 20 publications (7.3%), solved by discussion.

In total, we identified 77 different instruments for the quantitative assessment of sex
and/or gender in quantitative health-related research that were applied in at least one of
these 170 studies. Each instrument was given an individual ID number, consisting of the
prefix “ID” and a number (e.g., ID1). For an overview of all instruments and the respective
studies, please see Supplementary Table S3. Characteristics of the instruments that were
identified within the included 170 articles are shown in Table 1.
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Table 1. Characteristics of the instruments retrieved through the search (n = 77).

Characteristics n %
USA 34 53.1
Canada 9 14.1
Australia 3 4.7
Germany 3 4.7
Netherlands 3 4.7
Austria 2 3.1
United Kingdom 2 3.1
Country of corresponding author t illgliind } }2
Italy 1 1.6
Japan 1 1.6
New Zealand 1 1.6
Poland 1 1.6
Sweden 1 1.6
Switzerland 1 1.6
Not specified 13
Psychology 38 61.3
Public health 9 14.5
Medicine 8 12.9
Sociology 2 3.2
Discipline of corresponding author * flﬁiiflp linary 2 3.2
Cgmmumcatlon 1 16
science
Neuroscience 1 1.6
Nursing 1 1.6
Not specified 15
Students 17 28.3
General population 13 21.7
Trans* people 10 16.7
Patients with certain
mental or physical 8 13
Characteristics of study population  health conditions '
of instrument development (and controls)
Women only 6 10.0
Men only 3 5.
Young adult 2 3.3
Children 1 1.7
Not specified 17
USA 34 55.7
Canada 6 9.8
Several countries 5 8.2
United Kingdom 3 49
Netherlands 3 49
Australia 2 3.3
Country of study population of Finland 1 1.6
instrument development Germany 1 1.6
India 1 1.6
Italy 1 1.6
Japan 1 1.6
Singapore 1 1.6
Sweden 1 1.6
Switzerland 1 1.6
Not specified 16

t Based on the publication within which the development of the instrument is described (please see Supplementary
Table S2 for details).
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In total, the instruments were applied 261 times within the 170 included publications.
Most of the instruments have been used once or twice. However, the BSRI (ID20), including
its short forms and translations, was used 59 times compared to 24 applications of the
Conformity to Masculine Norms Inventory (CMNI, ID15), the second most frequently used
instrument (Supplementary Figure S1).

Of the 77 instruments retrieved through the search, a huge amount has been developed
with participants living in the USA (1 = 33). Sorted by the study population, most of the
instruments have been developed with populations that were either drawn from the
general population (n = 13) or consisted of students or young adults only (n = 19). Ten
of the latter instruments were developed with a population of students enrolled in a
psychology program. Nineteen instruments were developed with single sex and/or gender
populations consisting of either only men (n = 3), women (1 = 6) or trans*people (1 = 10).
One instrument is an adaptation to adult populations (ID47) of an instrument originally
developed for children.

Based on the publications within which the development of the instruments was
described, most corresponding authors work in US-American research institutes (n = 34),
and nine have been developed by Canadian research organisations. The majority of
instruments have been developed in the field of psychology (n = 34), followed by public
health (n = 9) and medicine (n = 8).

Most of the instruments (1 = 14) have been developed with a rather small population
of 100-500 participants (Supplementary Figure S2). The two most frequently employed
instruments between January 2000 and August 2020, the BSRI (ID20) and CMNI (ID15),
have been developed with populations of 194 and 752 participants, respectively.

3.2. Classification of Instruments

The identified instruments were classified into different subgroups based on their
methodology and the dimensions of sex and/or gender that were assessed (Figure 2).

recalled gender
conformity during
n=1 childhood

A.1.1: two-step measures

A.1: sex +gender

A.1.2: agreement with
statements about sex
/gender

A.2.1.1: gender / n=3

assignment by others
(not the researchers)

n=7

n=1

A.2.1.2.1: conformity to
gender roles

A.2.1: external assignment

A.2.1.2: external
assignment by
researchers

n=10

A.2.1.2.2: assignment to
gender categories

n=35

n=34

n=14

A: data collection

B.2: gender

A.2.2: self-assignment to
gender categories

all instruments

B: secondary analysis

n=5

\ n=56

A.2.3: no further
classification possible

n=2

n=19

A.2.2.1: (degree of)
conformity with gender
roles

A.2.1.2.3: requirements
due to gender roles

n=15

A.2.2.2: self-assignment
to gender categories

A.3: sex

A.3.1: physical
characteristics/
diagnoses

n=5

A.3.2: assessment by
researchers

n=1

A.3.3: status of sex
reassignment therapy

n=2

n=4

n=10

Figure 2. Tree diagram visualising the instruments” methodology and measured dimensions of

sex/gender.

The tree diagram illustrates how the identified 77 instruments can be split into in-
creasingly specific groups based on the instruments’ approaches, including the assessed
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dimension(s) of sex and/or gender. Starting with the root node on the left, the instruments
are split into those that have to be employed already for data collection (A) and those
applied for secondary analysis (B) of existing data sets. The first group is split again based
on the instruments’ ability to measure sex AND gender (A.1) or focus on either gender
(A.2) OR sex (A.3). The instruments measuring sex and gender (A.1) are two-step measures
(A.1.1) and instruments where participants assign their sex and/or gender on a physical
and social level (A.1.2). Instruments assessing solely gender (A2) are split depending
on whether they are based on an external assessment (A.2.1) or a self-assessment (A.2.2).
Within the external assessment instruments, the participants agree with certain behaviours
or traits. As these were previously linked to a gender category, the researchers or an-
other person then subdivide the participants according to their answers. In contrast to
this, within the self-assessment instruments, the participants classify themselves into one
or multiple gender categories. Two instruments measuring gender did not enable this
classification (A.2.3). The external-assignment instruments (A2.1) are split according to
whether the assessment is made by persons close to the participants (A.2.2.1) or by the
researchers (A.2.2.2). The former is divided into three subgroups: instruments which mea-
sure the participant’s conformity to a gender category (A.2.1.2.1), instruments which assign
the participants to one or multiple gender categories (A.2.1.2.2), and instruments which
measure the expectations and stress participant’s experience connected to a determined
gender role (A.2.1.2.3). Instruments that are based on a self-assignment (A2.2) are split into
those measuring participants’ self-assigned (degree of) gender conformity (A.2.2.1) and
the self-assignment to gender categories (A.2.2.2). The last group of instruments are those
that record sex based on physical characteristics (A.3). This group includes instruments
that categorise participants on the basis of acquired data, e.g., DNA analyses or existing
(intersex) diagnoses (A.3.1), sex assignment by researchers based on phenotype (A.3.2) and
hormonal and surgical sex reassignment measures in a trans*population(A.3.3.).

The majority of instruments were used for data collection (1 = 72). Most of these
instruments (n = 56) are applied to exclusively assess gender. For the measurement of both
dimensions (sex and gender) or exclusively sex, we identified eight instruments. The largest
group of instruments focusing on the measurement of the participant’s gender are based
on an external assessment by the researchers (1 = 34). Five instruments are applicable for a
secondary analysis of available data (see Supplementary Table S3 for the categorisation of
the instruments).

3.3. Temporal Trends

We could identify an increase in the number of instruments between 2000 and 2020
(Supplementary Figure S3). While in 2000, only three publications were identified, the
number of relevant papers rose to 18 within the first 8 months of 2020. This observed trend
is in line with the general increase in publications in the three databases Medline, Web of
Science and Scopus within the last years. When looking at the time trends in instrument
development (Figure 3a) and application (Figure 3b), an increase in the variability of
instruments can be seen.

Before 2000, the development was almost exclusively focused on instruments measur-
ing gender. From here on, a rise in the number of developed instruments measuring sex
or combinations of sex and gender can be observed. The development of instruments for
secondary analysis started in 2015.

Looking at the application of instruments, a similar picture can be observed. From 2000
to 2004, instruments that are based on an external assignment of gender account for almost
all the instruments that have been applied within the included publications. Even though
these instruments still account for the highest amount later, there was a steady rise in the
number of applications of secondary analysis instruments, gender and/or sex assessment
instruments, gender self-assignment instruments and sex assessment instruments from
2005 onwards. From 2015 to 2020, gender assessment instruments account for three—
quarters of the instruments applied during this time period.
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Number of applications
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(b) Temporal trend in the number of applications of the 77 instruments
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- Sex+gender . Gender: external assignment . Gender: self-assessment

. Sex - Secondary analysis

Figure 3. Temporal trends in instrument development and applications by group, one bar per 5-year
period (a) temporal trends in developed instruments (1 = 75, 2 instruments have to be excluded
from this analysis due to missing information). (b) Temporal trends in applications (1 = 261) of the
77 instruments identified in this review.

3.4. Classification of Instruments by Concepts of Sex/Gender

We identified 48 instruments in which sex/gender is conceptualised as male or mascu-
line or female or feminine only.

Within these, a total of 26 instruments assign the participants to either a male or
masculine or female or feminine sex or gender category. Out of these 26, 8 instruments do
define maleness or masculinity and femaleness or femininity as mutually exclusive, while
18 measure independent scores of maleness or masculinity and femaleness or femininity.

Twenty-two instruments measure participants’ conformity (n = 14) or the consequences
(gender role stress) of belonging to sex and/or gender (1 = 8) in the categories of male or
masculine or female or feminine only.

Twenty-five instruments were categorised as offering alternative answer options
to male or masculine and female or feminine. Within these, fifteen instruments define
participants belonging to a certain category, while eight instruments measure the conformity
or level of belonging. Two instruments were categorised as mixed approaches because they
first define the belonging to a certain sex and/or gender category before measuring the
degree of belonging.

Two instruments had to be categorised as unclear since they do measure traits that
are referred to as gender-related but do not use any gender categories; as such, they
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instead record levels of agency and communion (ID28) or factors such as marital status and
household’s primary earner status (ID33).

The assignment of the identified instruments to the categories described above is
shown in Supplementary Table 54.

3.5. Consideration of Other Social Categories

We identified 13 instruments that appear to directly consider other categories of social
inequality and power relations while assessing sex and gender within the process of data
collection. All of them work with the dimension of gender or sex + gender.

The main category of difference referred to is sexuality, which is reported in six of the
instruments singularly and in one instrument in combination with other categories such as
race, nationality and age (ID2). In practice, this included, e.g., instruments that view butches
and femmes (two lesbian/female sexual minority identities) as valid gender categories
within the category ‘female/feminine’ (ID43) or instruments which consider heterosexuality
as an elementary part of stereotypical masculinity (e.g., ID15). Two instruments focus on
the interdependency of gender on race, concretely with being Black (ID39 and 1D40),
and one instrument defines gender in accordance with culture/ethnicity and predefined
age categories (ID30). Two instruments (ID36 and 1D37) constitute a specific case, as
they ask the participants to finish ten sentences starting with ‘As a woman/As a man
... 7. As the participants may or may not experience their gender in intersection with
other social categories, it depends on their answers if the entanglement of sex and/or
gender with other categories is considered within these instruments and which further
categories of social inequality and power relations are taken into account. Of the thirteen
instruments considering further social categories, nine originated in the field of psychology
(Supplementary Figure 54).

4. Discussion

Our research demonstrates the availability of an increasing variety of instruments
to measure sex and/or gender within the last 20 years. Most of these instruments have
been developed with a rather restricted study population of US-American students and in
the field of psychology. We could also identify different conceptualisations of sex and/or
gender, ranging from mutually exclusive masculinity and femininity to multiple categories
of sex and/or gender. The majority of instruments, however, measure gender based on
a distinction between masculinity and femininity, although each was not considered as
excluding the other.

The first aim of our review was the identification of instruments that are currently
used in quantitative health research assessing one or multiple dimensions of sex and/or
gender. Even though it was developed in 1974, the BSRI is still by far the most widely
used instrument within the identified publications [1,27,28]. Although it is called the
Sex Role Inventory, the instrument actually collects information about gender [9]. In the
last decades, it has been increasingly criticised for building on and reproducing outdated
gender stereotypes [1,27].

Like the BSRI, most instruments used for data collection were developed in the field of
psychology and have been widely employed to assess the interrelation of different dimen-
sions of gender and mental illnesses, such as eating disorders [36-38] and depression [39,40].
As the differentiated measure of sex/gender is not only relevant to psychological topics
but to all kinds of biomedical and public health research, it should also be given a higher
priority here [7]. On the contrary, the majority of the instruments applied for secondary
analysis were developed in the fields of public health and medicine. This demonstrates
that different research fields may require different kinds of instruments.

The majority of the identified instruments were developed in the USA. The develop-
ment process often entailed asking a group of psychology students to rate social desirability
to define categories of femininity and masculinity [29,41,42]. Given the homogeneity of
the enrolled participants and their lack of representation of the general population, the
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developed instruments can exemplify a specific understanding of sex/gender [43]. For in-
stance, attempts to reproduce Bem's original desirability results with other populations led
to differing outcomes [44,45]. Factor analyses could not confirm the underlying structures
of the BSRI items either [46,47]. Overall, these findings raise questions about the transfer-
ability of instruments across different populations, especially when complex concepts such
as sex/gender are being measured.

In line with a recently published scoping review by Miani and colleagues [30], we
found that the majority of instruments are based on a binary distinction between femininity
and masculinity, although, in many cases, they are not considered mutually exclusive. We
identified several instruments that measure the participants’ degree of belonging to a sex
and/or gender category or their conformity with stereotypical gender roles. A growing
body of literature describes sex and/or gender as neither one-dimensional (femininity and
masculinity as distinct ends of the sex and/or gender continuum) nor two-dimensional
(femininity and masculinity as two separate dimensions) [48,49]. Rather, there can be mul-
tiple, possibly overlapping concepts of possibly overlapping masculinities and femininities
as well within and across societies that should be taken into account [9,50,51].

A binary conceptualisation of sex and/or gender does not capture the broad vari-
ety [2] and excludes participants who identify outside the spectrum of femininity and
masculinity [27]. Some of the identified instruments effectively move beyond this bi-
nary understanding [18,52] and are leading towards a more comprehensive view of sex
and gender.

In general, the majority of identified instruments focus on the assessment of dimen-
sions of gender. However, given the impact of biological sex on health and the entanglement
of sex and gender [10,13,15], more comprehensive instruments focusing on the assessment
of sex are needed. This requirement is partially met by the emergence of instruments
measuring both sex and gender. These instruments allow the combined investigation of
sex and gender within one instrument and offer an opportunity to represent their mutual
influence [9]. Nevertheless, in most of these instruments, sex is defined as ‘sex assigned at
birth” [53] which is generally based on a visual assessment of the external genitalia at birth
and influenced by cultural conventions [2]. This highlights the need for further expansion
of the instruments to investigate sex as well.

Not every sex and/or gender dimension will be of interest for each health-related
outcome. Rather, certain dimensions are of particular importance for individual research
questions [54], and health-related outcomes can be influenced via different pathways [17].
Instruments to measure sex and/or gender might not be feasible in a one-size-fits-all format,
and researchers should decide carefully which dimensions of sex and/or gender may be of
interest to their specific research question [11,55]. Guidelines for the adequate consideration
of sex and/or gender emphasize the need to consider categories and dimensions beyond a
binary categorisation [9], and our current results demonstrate that this need is not met yet.

We could identify several instruments that operationalise gender or sex+gender as
intertwined with other social categories. We only included instruments following an
intercategorical approach [35]. Here, sex and/or gender are conceptualised as intersecting
with other social positions and power relations and thus create further differentiation
within the sex and /or gender categories. The most frequently included category is sexuality.
Interestingly, sexuality was considered in differing ways within the different instruments. In
2016 the WHO defined the following three dimensions to define sexual orientation: sexual
attraction/desire, sexual identity, and sexual behaviour [56]. When comparing, e.g., the
‘masculine” CMNI (ID15) [57] with its ‘feminine” version, the Conformity to Feminine
Norms Inventory (CENI) [41], the interaction of sexuality with stereotyping gender roles
becomes evident. Both instruments reflect on participants” sexuality as an intersecting
part of gender conformity; however, the breadth of investigation differs. In fact, the CMNI
considers all three WHO dimensions (in the items ‘Heterosexual Self-presentation” and
‘Playboy’), while the female version, i.e., the CFNI, only includes sexual behaviour (in the
items ‘Romantic relationship” and ‘Sexual fidelity”).
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Collecting information on sex/gender as intertwined with other social categories
shows first considerations of the concept of intersectionality. The concept of intersectionality
describes the interaction of distinct categories of social inequality and power relations to
shape a person’s individual experiences and social positioning [10,58]. However, within
our review, we only considered intracategorical approaches where sex and/or gender and
other social categories were assessed within the same instrument. This approach needs
to be distinguished from an independent collection of information on sex and/or gender
and further categories of social inequality and power relations and an intracategorical
assessment in the step of data analysis [59].

We could identify a small number of instruments that do not apply the terminology of
femininity and masculinity. Instead, they measure gender—related factors or traits, such
as levels of agency and communion (ID28) [60], or characteristics of social relations and
socioeconomic position, such as marital status and household’s primary earner status
(ID33) [37]. Nielsen and colleagues [31] recently developed a comparable approach with an
instrument that measures gender-related behaviours and attitudes without a normative
assignment to femininity or masculinity. This is also in line with the recommendations of
Schellenberg and Kaiser, who encourage researchers to focus on the aspects of sex/gender
they are interested in instead of relying on proxy terms [61]. Such an approach would no
longer focus on the categorisation of participants into sex and/or gender categories but on
the analysis of possible mechanisms [59,62]. Hence, these instruments could capture gender-
related factors relevant for health-related research without reproducing essentialist binary
sex/gender stereotypes. At the same time, they present the opportunity to take into account
the structural level of sex/gender by considering different pathways and mechanisms.

This review has some limitations. We conducted our search in three databases and
limited it to publications in English, which could explain the dominance of US-based,
Western approaches in the identified literature. For future research, it might be interesting
to include a wider range of languages and sources to create the possibility of identifying a
greater variety of different instruments. Since we could not rely on the sex and/or gender
terminology used in the publications, we had to classify the instruments based on our
own assumptions, which might have caused some misclassification. As it led to such a
large number of hits that would not have been able to be processed, we had to exclude
the terms ‘men’ and ‘women’ from our search strategy. This might have resulted in an
underrepresentation of instruments measuring sex.

A major strength of this review is the interdisciplinary composition of the DIVERGesTOOL
study group, comprising expertise in gender studies, epidemiology, public health and
gender medicine, which enabled us to include different perspectives in the whole research
process. Furthermore, we conducted a thorough and comprehensive search following the
PRISMA Extension for Scoping Reviews, which allowed a broad range of approaches to
measuring sex and/or gender to be included within our scoping review. This distinguishes
our review from previous reviews that focused on gender only [30,31]. Thus, our scoping
review clearly demonstrates that further elaboration or new development of instruments to
operationalise sex and gender comprehensively are needed to be able to assess the impact
of sex/gender dimensions on health and to fulfil the requirements of expert associations,
funding agencies, and scientific journals to consider sex and gender in research.

5. Conclusions

Our review identified an increasing variety of instruments for the operationalisation
of sex and/or gender in quantitative health-related research over time. However, most
of these instruments operationalise sex and/or gender in the context of a mostly binary
representation of masculinity and femininity. Different instruments might be needed to
investigate sex and/or gender in diverse populations and to address different research
questions. There is a clear interest in and need for the development of novel instruments
to measure sex and/or gender in more comprehensive terms in the field of health-related
research. Two major future challenges result from our overview. First, the domain of bio-
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logical sex needs more expansive instruments to capture its variations. It has to be clarified
to which extent this is feasible in data collection by interview or requires physiological
and laboratory measurements. Second, a fundamental discussion about the advantages of
gender classification in masculinity /femininity terms versus its operationalisation as traits
and behaviours embedded in a societal context is needed. The ambivalence to balance at
this point is whether the labelling of certain traits or behaviours as masculine or feminine is
reproducing binary gender stereotypes. Nevertheless, the query of participants” attitudes
and conformity to common gender roles creates the possibility of taking the social context
and power relations into account when analysing sex/gender. Thus, the consideration
of gender roles might be of relevance in certain health-related contexts and in the disclo-
sure of different gendered pathways leading to health-related outcomes. Addressing both
challenges in future research will clearly benefit the awareness of the relevance of sex and
gender for health-related research.
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