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hidden and therefore invisible, play a major role in the statistical models implemented 

in these digital tools. Male/female bicategorization is a paradigmatic case that has 

been little studied in this context. This study analyzes its use and determinants in 

pulmonary function measurement as a case study. Using a corpus of sixty articles, 

carefully selected in the medical literature for their representativeness, and the 

reference equations on which decision support systems are based, we investigate the 

role of male/female categorization as used in everyday clinical practice, its origins, 

and the place of sex and gender in this issue. This research reveals a naturalization of 

men/women differences in favor of sex, underpinning a binary essentialism of 

biological sex. Naturalization of men/women differences is a major concern for the 

use of predictive artificial intelligence models and the development of decision 

algorithms, with a possible worsening of health disparities as a result of biases in 

training data. 

Keywords: medical decision support system, sex, gender, male/female 

categorization, pulmonary function 

*** 

Prise en compte du genre dans les systèmes d’aide à la décision médicale - 

L’exemple de la fonction respiratoire 

Résumé : Les systèmes d'aide à la décision médicale s'appuient sur des données 

hétérogènes et de volumétries variées pour fournir des conseils et des prédictions 

contribuant aux diagnostics. Des catégorisations, souvent invisibles, jouent un rôle 

majeur dans les modèles statistiques implémentés dans ces outils numériques. La 

bicatégorisation homme/femme est un cas paradigmatique qui a été peu étudié dans 

ce cadre. Cet article analyse son usage et ses déterminants dans une étude de cas, 

portant sur la mesure de la fonction respiratoire. Nous avons constitué un corpus de 

soixante articles de la littérature médicale (sélectionnés pour leur représentativité) et 

des équations de référence sur lesquels s’appuient les systèmes d’aide à la décision 

utilisés en routine clinique. Dans ce corpus, nous analysons le rôle de cette 

catégorisation homme/femme, ses origines, et la place du sexe et du genre dans cette 

problématique. Cette recherche montre une naturalisation des différences hommes-

femmes au profit du sexe, sous-tendant un essentialisme binaire du sexe biologique. 

Cette naturalisation des différences homme/femme représente une préoccupation 

importante pour l'utilisation de modèles prédictifs d’intelligence artificielle et le 

développement d’algorithmes décisionnels, avec le risque d'aggraver les disparités en 

matière de santé en raison de biais dans les données d’entrainement. 

Mots-clés : système d'aide à la décision médicale, sexe, genre, bicatégorisation 

homme/femme, fonction respiratoire 

*** 

Introduction 
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With the development of translational medicine (Woolf, 2008), which aims to bridge 

the gap between biomedical research and clinical practice, and the rise of artificial 

intelligence (AI) technologies that enable large-scale data processing, medical 

decision support systems are rapidly becoming indispensable tools, integrated into 

increasingly complex digital frameworks (Berner, 2007). Healthcare professionals 

access the answers provided by medical decision support systems by entering the 

required information via a specialized interface. These responses are then associated 

with variables in algorithms coded in a programming language. More precisely, they 

shape research fields in which computer programs calculate solutions to decision 

problems. As one of the pioneers of interface studies states, "the interface asks a 

question and, in so doing, suggests an answer" (Galloway, 2012, p. 30). 

In medical decision support systems, these programs implement statistical models 

derived from theoretical and experimental research. They allow physicians in clinical 

situations to compare the variables measured in an individual to predicted values 

obtained from a "reference population", based on equations recommended by medical 

societies. For example, in the case study developed in this article focusing on 

pulmonary function, the models predict the expected values of different respiratory 

function variables for a "healthy" individual based on a set of variables entered via 

the interface. The definition of these variables guides the medical practitioners' 

questioning via the interface, and subsequently informs medical decisions based on 

the values predicted by the statistical model implemented in the decision support 

system software. 

To provide this diagnostic support, systems rely on ever-increasing amounts of 

heterogeneous data describing selected characteristics of the individuals in the studied 

cohorts. These characteristics are based on similarly diverse categorizations. 

However, as Geoffrey Bowker and Susan Leigh Star remind us in their seminal work, 

classifications are particularly powerful technologies. When embedded in operational 

infrastructures, they become relatively invisible without losing their power (Bowker 

& Star, 1999). Research in Science & Technology Studies (STS) has confirmed the 

deep connections between technical objects and the socio-economic characteristics of 

the environments in which they are shaped. 

The STS approach has integrated the gender lens, notably through the work of 

Delphine Gardey (Gardey & Chabaud-Rychter, 2002), and more recent studies have 

transposed the analysis to digital objects, particularly to interfaces (Pidoux & Kuntz, 

2024). Medical decision support systems have nonetheless rarely been examined from 

this perspective. Yet, regardless of the clinical domain in question, one variable that 

is consistently present on their interfaces is "sex", always considered within the 

framework of a binary male/female categorization. 

Since the late 20th century, considerable research has been carried out to highlight 

the differences between men and women in terms of biology and health. This has led 

to sex-specific recommendations in the medical management of a variety of 

pathologies (Mauvais-Jarvis et al., 2020). However, this research is typically based 
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on the postulate of the naturalized male/female binary category — which is mutually 

exclusive and is rarely questioned (Raz, 2016) — where categorization as male or 

female is based on the self-declaration of individuals included in these studies. The 

male/female categorization routinely refers to either the "administrative sex" in 

clinical records or the answer to the question "What is your sex?", and in both cases, 

it is based on the genitalia observed at birth and its transcription as "sex" on the birth 

certificate (Schwarz & Clair, 2023). 

In line with feminist science studies, initiated in part by women biologists such as 

Anne Fausto-Sterling (Fausto-Sterling, 2000), we question here the use of a binary 

male/female categorization by shifting our focus to the other side of the screen of 

medical decision support systems, to explore its foundations in the statistical models 

implemented therein. To overcome the pitfalls of the abovementioned invisible 

infrastructure, we have chosen to focus on a biomedical specialty in which two of the 

article’s authors have recognized expertise: pulmonology, with a focus on pulmonary 

function. This is a vital bodily function ensured by the respiratory system, responsible 

for supplying oxygen and eliminating carbon dioxide produced by physiological 

activity. In day-to-day clinical practice, it is easily evaluated by pulmonary function 

tests using a spirometer, which simultaneously measures airflow rates and lung 

volumes. The interpretation of pulmonary function tests ideally relies on their 

comparison to a previous measurement obtained in the same healthy individual. In the 

absence of such a measurement, interpretation depends on their comparison to 

reference values calculated using prediction equations developed from a healthy 

population. This allows the precise assessment of whether an individual's measured 

values are normal or abnormal, and thus enables a functional diagnosis. The 

construction of these equations and their results both depend closely on a male/female 

binary categorization. 

In this study, we evaluated the role of this binary categorization and its impact 

within the reference models of medical decision support systems used by 

practitioners. More precisely, our research questions focused on three key areas: (i) 

how male/female categorization has been applied in lung function prediction since the 

development of the spirometer, and how any observed men/women differences1 were 

analyzed, (ii) how male/female categorization is currently operationalized in the 

reference software for medical decision support systems, and (iii) how sex and gender 

are operationalized in the literature on lung function and in the explanatory factors 

advanced to explain the observed men/women differences. Given the lack of state-of-

the-art research on these issues, we conducted an exploratory study combining a 

detailed analysis of the main reference equations with a terminological analysis 

conducted from a longitudinal perspective. We built a corpus of sixty carefully 

selected articles reflecting the research evolution in this field, including articles and 

 
1 We recognize that researchers regularly use male/female to classify research human participants. In this 

study, we use men/women differences to reflect the intersection of gender/sex in human health experiences, 
and male/female categorization to reflect the literature analyzed in this study. 
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literature reviews focusing on the measurement of pulmonary function, as well as 

resulting recommendations and/or guidelines from North American and European 

medical societies. We then added references regarding the role of sex or gender in 

pulmonary function and references questioning the use of sex as a biological variable 

in biomedical research. From this corpus, we identified a subset of terms including 

"sex" and "gender" in each article, observing the presence or absence of explicitly 

associated definitions, and analyzed the role of gender in data interpretation. 

This pioneering work in the context of pulmonary function highlights the lack of 

argumentation for the binary male/female categorization in current usage models. We 

show that this is based on a historical elaboration of knowledge whose scientific 

validity is widely questioned by complementary research. First of all, while the 

literature agrees on the existence of men/women differences in average values, the 

distributions of collected measurements deserve to be systematically analyzed in their 

entirety. Indeed, a number of studies have shown significant overlaps between these 

distributions, thus necessitating the development of alternative models to those based 

on partitioning (Brucker & Barthélemy, 2007). Secondly, the explanation of 

men/women differences by essentialist causes is not convincing. As has been shown 

over the last decade for the ethnic variable2 — considered in models as having a 

similar status to the "sex" variable —, other socio-cultural explanatory factors, such 

as physical activity levels, deserve to be analyzed. 

 

1. Male/female Binary Categorization in the Field of Pulmonary Function: An 

Exploratory Analysis 

Compared with other disciplines, biomedical literature has a specificity: the same 

scientific journals include "original" articles presenting research results, literature 

reviews synthesizing data from these articles, and guidelines from medical societies. 

Some studies, including those resulting from research carried out by national or 

international working groups, combine new research data, such as the establishment 

new pulmonary function prediction equations, with practical recommendations for 

their use in the clinical setting. These recommendations are rapidly becoming 

prescriptive guidelines for medical decision-making (Pellegrino et al., 2005). For 

example, idiopathic pulmonary fibrosis is a disease where such guidelines, using 

percentage predicted thresholds, determine eligibility for publicly-funded treatment. 

A recent study by Burgess et al. (2019) reveals a significant discrepancy between 

predicted pulmonary function values across different interstitial lung disease centers 

due to variations in the prediction equations used. This variability may directly impact 

a patient's acceptance into reimbursed treatment, potentially creating inequalities in 

access (Cooper et al., 2017). 

1.1. Source Selection  

 
2 See Discussion. 
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Scientometrics has gradually gained ground (Vinck, 1995) as a tool for better 

understanding the mechanisms behind scientific content production. Moreover, its 

scope has broadened considerably due to the development of data processing 

technologies. Sciences long described as "natural" have been privileged domains 

(Suraud, 1996), although as far as we know, the gender perspective has been largely 

ignored or minimally considered, and the extension of scientometrics to other fields 

has done little to encourage its regular use in analyses (Favre, 2017). In pulmonary 

function analysis, no studies have been conducted from this angle.  

To address this issue, we began by conducting a systematic literature search of the 

Ovid MEDLINE® electronic bibliographic database from 1946 to January 2024 

(PubMed), and then used Google Scholar to track relevant citations of selected 

articles. The search included a combination of the following terms and their 

synonyms: lung function, pulmonary function, maximal expiratory flow-volume 

curve, ventilatory, spirometry, spirometric, reference values, reference equation, 

prediction equation, global lung function initiative, and exercise. The search strategy 

used free-text terms in combination with Medical Subject Heading (MeSH) filters 

where appropriate. Duplicates were removed using Mendeley Reference Manager. 

Titles and, subsequently, abstracts and full texts of the articles were screened. 

Exclusion criteria included: full texts being unavailable, and other publication types 

such as conference abstracts, case reports, editorials, letters, or articles published in 

languages other than English. References from selected published articles were also 

considered and added to the corpus when relevant. Our familiarity with the literature 

on lung function measurements, as well as sex/gender differences in biology and 

health, served as a starting point for our selection strategy.  

From the initial source set, the corpus of articles retained for analysis was built up 

starting with the 2012 GLI reference prediction model (Quanjer et al., 2012), listed as 

#14 in the Appendix. Firstly, we sought out the key foundational articles used to 

establish this model (up to J Hutchinson's first article introducing the spirometer, #1-

14) and those that validated it around the world (#15-23, 25, 28, 31). We then added 

recent articles questioning the use of an ethnic correction factor in this model (#33-

36, 56, 57). Lastly, we added reviews published in the top 1% of medical research 

journals and insights from highly cited international experts in the field (#41, 44, 46), 

along with related guidelines from international medical societies (#39, 40, 47, 49, 

50). We also included a review covering the 150-year history of spirometry (#42), and 

a reference textbook on lung function for pulmonologists and lung function 

practitioners (#45), additional articles and reviews focusing on the role of sex or 

gender in pulmonary function (#2, 5, 6, 24, 26, 27, 32, 38, 51-55, 58), and two 

references questioning the use of sex as a biological variable in biomedical research 

(#59-60). Two authors (PL and DH) independently assessed the retrieved references, 

and any disagreements were resolved through consensus. 

1.2. Data Analysis 
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Data analysis was carried out in two phases. Initially, to clarify the impact of 

male/female categorization in algorithmic decision support, we thoroughly analyzed 

how the reference equations were constructed and validated (Quanjer et al., 2012). 

Then, to identify the rationale behind using male/female categorization, we conducted 

a textual analysis on the corpus of selected articles based on a subset of keywords 

associated with the research questions. Using a search engine, we systematically 

identified the presence of the following terms in each article within the corpus: sex, 

gender, dimorphism, sex differences, gender differences, male, female, men, women. 

Since the corpus was relatively small, we were able to perform a manual interpretative 

analysis based on our expertise. For each article, we examined the keywords within 

their context to track down any associated sex or gender definitions and identify 

recurring elements of argumentation. 

 

2. Biomedical Literature on Male/Female Binary Categorization 

The first study of pulmonary function was established in the mid-19th century by John 

Hutchinson, the inventor of the spirometer. One of the first measures analyzed was 

"vital capacity", which assesses the total gas volume mobilized between maximum 

expiration and inspiration, and for which height, weight (since abandoned) and age 

were identified as important determinants (Hutchinson, 1846). The study population 

involved over 2000 men of various professions and occupations (including "soldiers, 

sailors, guards, policemen, gentlemen, paupers, giants and dwarfs"), and 26 "girls". 

The "epitome" (as he called his abstract) of Hutchinson's article did not comment on 

the existence of gender differences, which was likely a wise decision given the limited 

number of women in his study sample (Becklake & Kauffmann, 1999). 

Nearly thirty years after this pioneering work, Henri Havelock Ellis' book, "Man 

and woman: a study of human secondary sexual characters" (Havelock Ellis, 1894), 

covered a remarkably wide range of topics. In a chapter devoted to metabolism, 

Havelock Ellis notes that "it is well recognized that the vital capacity is decidedly less 

in women than in men" even when height is considered, indicating that vital capacity 

was on average 350-500 ml greater in men than in women of the same height (i.e., 

approximately 15 to 20%). He attributed these differences partly to biological factors 

("women have less need of air than men"), due to their "lower production of carbonic 

acid", and partly to cultural factors such as "the result of artificial constriction of 

dress", referring to the corsets worn by women of the time (Becklake & Kauffmann, 

1999). 

There was a surge in publications during the 20th century, particularly from the 

1970s onwards, with the development of population-based analyses on increasingly 

larger sample sizes. These publications all presented segregated male-female data, 

sometimes appearing on the same graphs without statistical comparison (see typical 

example below) or in tables in the form of means, and occasionally accompanied by 

standard deviations (Knudson et al., 1976; Knudson et al., 1983). 
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Figure 1. Knudson et al., 1976, permission request submitted.  

The above data indicate a mean difference of around 30% between men and 

women. A 1980s review of the state of the art on "normality" applied to the 

measurement of pulmonary function, estimated that sex accounts for an "inter-subject 

variation" of 30%, compared to 20% for height, 8% for age, 2% for weight and 10% 

for race3 (Becklake, 1986). No explanation was given for the 30% figure for sex. 

Other studies have established mean differences in vital capacity between sexes of 

about 15-20% (Cotes et al., 2006), and some also conclude that "males tended to 

outperform women with the same anthropometric characteristics" (Schwartz et al., 

1988). However, a subsequent study indicated that height explained approximately 

40% of the male/female variance (Jacobs Jr. et al., 1992), and more recent research 

reports that a 1% increase in height is associated with a 2.5% increase in spirometry 

results (Stanojevic et al., 2008). 

Meanwhile, the increasing accessibility of computing resources led to the 

development of new statistical models. These were all based on male/female 

categorization and considered the two sub-populations as distinct, meaning that the 

prediction equation parameters were calculated independently in the male and female 

cohorts. However, as shown in the table below using raw data from three original 

articles, the intersection between the two distributions is far from vacant, 

demonstrating an overlap between male and female distributions ranging from 23% 

to 46%. 

 

 
3 Used in this document as a sociological (not biological) category. 
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Table 1. Overlapping distributions of Forced Vital Capacity (FVC) and Forced 

Expiratory Volume in 1 second (FEV1)4, in males (M) and females (F). 

Study (# in Appendix) Tested criterion Overlap 

Knudson, 1976 (#3) FVC (M/F) 38% 

 FEV1 (M/F)  44% 

Knudson, 1983 (#4) FVC (M/F) 42% 

 FEV1 (M/F)  46% 

Jacobs, 1992 (#6) FVC (white M/F) 23% 

 FEV1 (white M/F)  28% 

 FVC (black M/F) 29% 

 FEV1 (black M/F)  34% 

Data calculated with https://sexdifference.org/ (Maney, 2016). 

In summary, raw male/female pulmonary function data are scarce in the literature, 

as authors quickly focused on establishing and validating prediction equations. These 

data were typically presented as means, with men/women differences of 

approximately 30% — yet they rarely took height into account, which is a major factor 

of variation. Analysis of distributions based on published data shows a significant 
overlap between male/female categories in the main parameters measured by 

spirometry. 

These data served as the basis for the development of sex-specific prediction 

equations as early as the 1970s. 

3. The Male/Female Binary Categorization in Prediction Models 

When setting up a standardized process for interpreting pulmonary function tests, four 

key choices govern the definition of a "significant" abnormality that guide clinical 

decision-making (Harber et al., 1983): (1) the choice of a prediction equation, (2) the 

selection of variables to be included in the statistical model for predictions (in this 

case: age, height, sex, race), (3) the method for comparing observed values with 

predicted values, called "reference" values (for example, the percentage of predicted 

values or z-score, allowing for the standard deviation of predicted values), and (4) the 

abnormality thresholds chosen to define a potential anomaly. While determining an 

anomaly involves factors beyond mere physiological deficiency, these statistical 

decisions can significantly affect whether an individual is classified as "normal" or 

"abnormal", as well as the severity of pulmonary function deficit. The issues raised 

by points (3) and (4) are beyond the scope of this article and will therefore not be 

addressed. 

 
4 The Forced Expiratory Volume in 1 second (FEV1) is the volume of air (in liters) exhaled in the first 
second during forced exhalation after maximal inspiration. 

https://sexdifference.org/
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Since the development of the spirometer, more than 400 equations have been 

proposed to establish predicted values (Pellegrino et al., 2005; Cooper et al., 2017). 

In 2012, an international working group known as the Global Lung Initiative (GLI) 

established a consensus based on 160 000 data points from "healthy" individuals 

across 72 centers in 33 countries, following a statistical methodology reference from 

the World Health Organization (Quanjer et al., 2012). The GLI reference model is 

considered applicable globally and has been validated in numerous countries, 

including the French ELISABET cohort (Hulo et al., 2016). It is now integrated into 

the software of pulmonary function measurement devices and is used daily and 

automatically in the Western world by most pulmonologists or corresponding hospital 

departments (Stanojevic et al., 2022; Günther et al., 2023). 

Specifically, the GLI reference model is a linear equation defined as follows: 

y = a + b.H + c.A + age-spline + d.G 

where y is the predicted variable of pulmonary function (Forced Vital Capacity 

[FVC] or Forced Expiratory Volume in 1 second [FEV1] for the main variables), H is 

the patient's height, A is his/her age, and G is his/her ethnic group. The coefficients a, 

b, c, and d are values estimated by an algorithm from observations obtained on a large 

population. The age-spline coefficient is a nonlinear component of the model based 

on age, used to improve the statistical quality of prediction. 

The "sex" variable is absent from the equation, but the male/female binary 

categorization plays a fundamental role in the calculations. Indeed, the coefficients a, 

b, c, d, and the age-spline are calculated independently for a population of women as 

opposed to a population of men. In other words, the equations used in clinical practice 

for women are not the same as those used for men. 

The foundations of the GLI model date back to the early data and equations from 

the 1970s. Based on the observations of Knudson et al. presented in Figure 1, separate 

prediction equations were then developed, incorporating age and height as relevant 

independent variables (Knudson et al., 1976; Knudson et al., 1983). Since that time, 

it has been recommended to establish prediction equations separately for men and 

women (Cotes et al., 2006). All subsequent work relied on this binary categorization 

without providing any argumentation. 

 

4. "Sex" and "Gender" in Scientific Discourse 

 

This section outlines the findings from our exploratory analysis. We begin by 

presenting basic statistics related to the usage of the selected keywords. These 

statistics confirm the significant dominance of the term "sex", and our contextual 

analysis highlights the absence of formal definitions, contrary to other categories (e.g., 

height and age) introduced into the models. We then focus on a small subset of articles 

from the corpus wherein the "gender" concept was introduced, either explicitly or not. 

Lastly, we discuss the essentialization of men/women differences.   
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4.1. Terminology Analysis  

The details of the sixty publications of our corpus are provided in the Appendix. 

Our analysis of the original articles reveals a systematic use of the term "sex", while 

"gender" is much more uncommon (mentioned in only six articles). Almost all articles 

lack supporting definitions for these terms. Only three literature reviews dealing 

explicitly with sex and gender issues offer any explanation. Moreover, four articles 

use the terms "sex" and "gender" interchangeably, likely due to the authors’ assumed 

equivalence of the two. A few articles use the expression "sexual dimorphism". This 

is scientifically inappropriate, however, as it refers to comparisons of anatomical 

features present in both sexes, such as lung volumes or bronchial size. Indeed, the 

term "sexual dimorphism" traditionally describes two distinct and non-overlapping 

traits of males and females within the same species. The use of this term thus 

reinforces the binary male/female categorization at the expense of studying "sex 

differences", which encompasses the full spectrum of characteristics or traits present 

in both men and women, and is by far the most common scenario (Pape et al., 2024). 

It is also worth noting that the studies validating the GLI reference prediction 

equation (Quanjer et al., 2012) across different geographical zones of heterogeneous 

granularity (including North Africa, Sweden, Finland, Norway, Algeria, Asia, France, 

Europe, Iran, and Belgium) do not support the hypothesis of differentiation through 

sex and gender terminology, as the term usage is similar. 

With regard to data acquisition, while precise methods for measuring weight, age 

and height are always specified, only one study briefly explains via an "administered 

questionnaire" how to determine "sex" or "gender". Recent recommendations from 

medical societies on the standardization of pulmonary function measurement indicate 

the need to collect "birth sex" and "gender identity" in their appendices, but lack 

specific guidance on how these data are to be collected and used (Graham et al., 2019). 

A more recent recommendation (2022), however, indicates the need to "clarify that 

biological sex, not gender be used to interpret lung function" (Stanojevic et al., 2022). 

This wording suggests a focus on sex alone in the interpretation of pulmonary function 

results, thus entirely neglecting gendered practices. 

4.2. The Role of Gender in Explaining Differences between Men and Women 

The lack of consideration of the role of gender in the development of statistical 

models is primarily observed in the explanatory factors related to individual 

variations, with a few exceptions identified in our literature review. 

In general, most authors attribute men/women differences in pulmonary function 

to sex differences, arguing notably that "there is no doubt" that from the fetal stage, 

sex hormones have a profound influence on lung development and the etiology of 

respiratory disease (Townsend et al., 2012). Other authors point to differences in body 

composition, notably the proportion of fat, to account for many of these differences 

(Cotes et al., 2001). The same authors concluded in 2006 that, on average, women's 
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pulmonary function is inferior to that of men, and that this difference stems from 

"gender-related" differences in body size and composition, the age at which growth 

ceases, as well as the "somewhat different" lifestyles of the two sexes (Cotes et al., 

2006). It is worth noting that abundant literature shows that many of the differences 

in body composition, such as muscle and fat mass, can be explained by differences in 

physical activity, with women having lower physical activity levels than men from 

childhood onwards (Vilhjalmsson & Kristjansdottir, 2003; Azevedo et al., 2007). 

Other assertions include statements such as "men are taller than women and therefore 

have larger lungs" (Molgat-Seon et al., 2018), or " males have larger absolute lung 

volumes than females even when matched for height" (Dominelli & Molgat-Seon, 

2022). However, it has been shown that ratios of mobilizable lung volumes to total 

volumes are similar between men and women, and the authors of the 2012 GLI 

reference model did not observe this "lung volume" effect when they took height into 

account. 

Moreover, although the term "gender" was not explicitly used in her study, factors 

related to gendered habits, such as physical activity, musculature, and socio-

professional activity, were identified as early as 1986 by epidemiologist Margaret 

Becklake (Becklake, 1986). She introduced the term5 a decade later, stating that 

"rather than 'normalizing' by sex, the differential influence of sex and gender on 

airway behavior should always be taken into account" (Becklake & Kauffmann, 

1999). A few years later, a literature review noted that it is difficult to separate the 

influence of sex from that of gender in the context of a disease such as asthma 

(Townsend et al., 2012). This cohabitation of "sex" and "gender" is reflected more 

recently in a series of articles entitled "Sex and gender in lung disease" (Dominelli & 

Molgat-Seon, 2022). However, the role of "sex" as the explanatory factor remains 

predominant in their work. In particular, anatomical differences are attributed to sex, 

and the authors assert that "it is reasonable to surmise that gender has little, if any, 

influence on physiological factors related to the pulmonary response to exercise, but 

likely impacts psychological or perceptual variables". They nonetheless express 

concern that gender is not "sufficiently studied" (Dominelli & Molgat-Seon, 2022). 

4.3. The Essentialization of Men/Women Differences 

The main conclusion of this first exploratory analysis in the field of pulmonary 

function is that male/female categorization, while playing a major role in both 

prediction models and clinical applications, is seldom explicitly stated or discussed 

either in the original studies and recommendations from medical societies, or in 

literature reviews focusing on men/women differences. This remains true even for 

 
5 She wrote that “we found it useful to distinguish between biological determinants implicit in the word 

‘sex’ (in other words, determinants related to the organs necessary for reproduction) and sociocultural 

determinants implicit in the word ‘gender’ (a broader term which includes sociocultural and environmental 

as well as biological determinants of airway behaviour)”. In Becklake, M. R., & Kauffmann, F. (1999). 
Gender differences in airway behaviour over the human life span. Thorax, 54(12), 1119-1138. 
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literature reviews that criticize the use of sex as a biological variable (Maney, 2016; 

Richardson, 2022; for review see Lemarchand, 2023). 

In the current system for interpreting pulmonary function results, the binary 

theoretical framework of sexual dimorphism remains unquestioned. As Cynthia Kraus 

points out6, in the naive realism of common sense (particularly in biomedicine), sex 

categorization is not considered to be a conventional and arbitrary classification. It 

appears "natural" both because it benefits from the status of unquestioned evidence 

and because it is presumed to be inscribed in biology. These two dimensions, far from 

being independent, reinforce each other. Sex derives its evidential strength from its 

presumed anchorage in biology. Conversely, the undeniable and blatant nature of sex 

immediately plays out on the grounds of biological differences (Kraus, 2000). 

This "natural" dimension is prevalent in biomedical literature, imbuing it with an 

immutable and universally shared character (Klein et al., 2015). This observation is 

fairly commonplace in scientific discourse (Gardey, 2006). However, gender 

inequalities and norms significantly impact health due to differences in exposure, 

health-related behaviors and access to care, as well as the way in which health research 

and healthcare systems reinforce and perpetuate gender inequalities. These combined 

factors have serious implications for women's health (Heise et al., 2019). 

 

5. Discussion and Conclusion 

Despite a few debatable points, the overall conclusion from our corpus exploration 

is that we are witnessing a perpetuation of the essentialization of men/women 

differences (Mauvais-Jarvis et al., 2021), underlying a binary essentialism of sex, 

often observed in biology and health (Richardson, 2022; Saguy et al., 2021). As we 

have demonstrated, while some studies have highlighted pulmonary function 

differences between men and women, these differences remain poorly characterized 

due to a lack of research. Specifically, the focus on mean values masks the significant 

overlaps between the statistical distributions of these measurements, and the 

dominance of essentialist explanations for sex has left little room for investigating 

other possible explanatory factors. 

The applied methodology is not solely confined to the specialized field of 

pulmonary function. The absence of argumentation for employing binary 

 
6 Original text (Kraus, C. (2000). La bicatégorisation par «sexe» à l'épreuve de la science: le cas des 

recherches en biologie sur la détermination du sexe chez les humains. In J. Kridge (Ed.), L'Invention du 

naturel. Les sciences et la fabrication du féminin et du masculin (pp. 187-213). Edition des archives 

contemporaines.p.188): « Dans le réalisme naïf du sens commun (biomédical en particulier), la 
bicatégorisation par sexe n’est donc pas considérée comme un classement conventionnel et arbitraire. Elle 

paraît « naturelle » en tant qu’elle bénéficie du statut d’évidence non questionnée, mais également parce 

qu’elle est supposée être inscrite dans le biologique. Ces deux dimensions, loin d’être indépendantes, se 

renforcent mutuellement. Le sexe tire sa force d’évidence de son présumé ancrage dans le biologique. 

Réciproquement, le caractère indéniable et flagrant du sexe se joue d’emblée sur le terrain des différences 
biologiques. »  
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categorization, as well as the observed overlaps in distributions, are prevalent 

throughout the biomedical literature (Hyde, 2005; Maney, 2016; Lemarchand, 2023). 

Expanding our approach to other specialties would further contribute to demonstrating 

the concerns raised in feminist approaches to gender in healthcare (Richardson, 

2022; Ritz & Greaves, 2022): the current assessment of men/women differences 

reveals an overestimation of these differences, an artificial homogenization of 

categories, and inappropriate treatment of patients who do not conform to the group 

average (Lemarchand, 2023). In healthcare, understanding these processes is of major 

importance, especially regarding their practical implications for medical 

management. 

The perpetuation of essentialist explanations in biomedical research is now 

coming up against the issue of gender biases in AI algorithms. A recently published 

report by the French National Academy of Medicine states that healthcare is one of 

the major application areas for AI technologies and that all areas of healthcare and all 

specialties are concerned7. Since the mid-20th century, numerous medical decision 

support systems have been proposed and developed (Yu et al., 2018). Thanks to recent 

advances in digitized data acquisition, machine learning, and computing 

infrastructure, AI applications are expanding into areas previously reserved for human 

experts. AI is gradually transforming medical practice by influencing disease 

diagnosis and clinical decision-making. 

The risk of continuing to consolidate gender stereotypes, and ultimately 

perpetuating health inequalities, is a trend that has been identified in the most recent 

algorithms, including those based on AI (Zack et al., 2024). This study reveals that 

the GPT-4 application exhibits racial and sexist biases in clinically relevant tasks, 

including generating cases for medical education, supporting differential diagnostic 

reasoning, recommending medical plans, and providing subjective patient 

evaluations. For each of these tasks, GPT-4 reinforces known disease prevalence 

differences between groups, over-represents stereotypes — including problematic 

representations of minority groups — and contributes to amplifying societal biases. 

In France, the Haute Autorité de Santé (an independent public scientific authority) 

advocates for "vigilance" in its 2020 report "Sex, Gender and Health"8, stating that 

the funders of digital solutions, especially public authorities, should require 

guarantees regarding the control of sex and gender biases in data analyses (p. 117). 

However, the consequences of this report on the development practices of decision 

support systems remain to be identified. To our knowledge, there are no funded 

research programs in France currently addressing this issue. As demonstrated in this 

article, data access and data interpretation are complex and require cooperation 

between experts from different disciplines. Strong interdisciplinary collaboration 

 
7 https://www.academie-medecine.fr/wp-content/uploads/2024/03/Rapport-Systemes-dIA-generative-en-

sante.pdf 
8 https://www.has-sante.fr/jcms/p_3223570/fr/sexe-genre-et-sante-rapport-d-analyse-prospective-2020 

https://www.academie-medecine.fr/wp-content/uploads/2024/03/Rapport-Systemes-dIA-generative-en-sante.pdf
https://www.academie-medecine.fr/wp-content/uploads/2024/03/Rapport-Systemes-dIA-generative-en-sante.pdf
https://www.has-sante.fr/jcms/p_3223570/fr/sexe-genre-et-sante-rapport-d-analyse-prospective-2020
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could facilitate the integration of feminist research into all scientific communities, 

thereby contributing to a thorough examination of the biased mechanisms that 

reincarnate in digital materialities (Akrich et al., 2022). 

Importantly, the GLI reference equation introduces another category: "race". This 

too has a long history, and the argumentation regarding the different categories 

considered9 is equally flawed, with no attention paid to inter-individual variations. 

However, in contrast to male/female categorization, work carried out over the last 

decade has been deconstructing race as an explanatory factor by seeking other 

causalities for observed differences. In particular, this research takes into account the 

mechanisms behind racial disparities in health, such as marginalization, 

discrimination and stereotyping — in other words, racism — rather than merely 

biological or genetic inheritance (Epstein, 2004; Ritz & Greaves, 2022). Their 

findings demonstrate that these differences result from a myriad of environmental and 

social injustices that adversely affect respiratory health (Gaffney, 2023). As a result, 

a growing number of scientists advocate abandoning the racial correction factor in 

prediction equations for pulmonary function tests (Kaminsky, 2022; Ekström et al., 

2024). The GLI consortium itself has recently recommended discontinuing this racial 

correction factor (Bowerman et al., 2023). While a precise analysis goes beyond the 

scope of this article, it is worth noting that none of these works establish a connection 

with the "sex" category used by this consortium. It seems to us, nevertheless, that the 

parallel warrants future analysis to develop research adopting an intersectional 

perspective, thus addressing the co-construction of gender, class relations, but also of 

race, and other social power relations (Akrich et al., 2022). 

 

Funding and Acknowledgements 

Réseaux de recherche plurisdisciplinaire GENDER – Des études de genre en sciences 

humaines et sociales aux problématiques émergentes en santé et dans le numérique, 

and LungO2, Nantes Université – ANR – Nantes Métropôle, Région Pays de la Loire. 

  

 

 

 

 

 
9 These are usually divided into 4 groups: Caucasians (i.e., white subjects of European descent), African 

Americans, North East Asians, and South East Asians (Cooper, B. G., Stocks, J., Hall, G. L., Culver, B., 

Steenbruggen, I., Carter, K. W., Thompson, B. R., Graham, B. L., Miller, M. R., & Ruppel, G. (2017). The 

Global Lung Function Initiative (GLI) Network: bringing the world’s respiratory reference values together. 

Breathe, 13(3), e56-e64. 
 



LEMARCHAND, HASSOUN & KUNTZ           

 

00 

References 

Akrich, M., Armand-Rastano, É., Bajos, N., Barbot, J., Beck, F., Bertschy, S., Cambon, L., 

Desclaux, A., Dos Santos, T., & Durand, C. (2022). La pluridisciplinarité en santé: quel 

bilan? Quelles perspectives? Sciences sociales et santé, 40(4), 69-106. 

https://doi.org/10.1684/sss.2022.0238  

Azevedo, M. R., Araújo, C. L. P., Reichert, F. F., Siqueira, F. V., da Silva, M. C., & Hallal, P. 

C. (2007). Gender differences in leisure-time physical activity. International journal of 

public health, 52, 8-15. https://doi.org/10.1007/s00038-006-5062-1  

Becklake, M. R. (1986). Concepts of normality applied to the measurement of lung function. 

The American journal of medicine, 80(6), 1158-1164. https://doi.org/10.1016/0002-

9343(86)90678-9  

Becklake, M. R., & Kauffmann, F. (1999). Gender differences in airway behaviour over the 

human life span. Thorax, 54(12), 1119-1138. https://doi.org/10.1136/thx.54.12.1119  

Berner, E. S. (2007). Clinical decision support systems (Vol. 233). Springer. 

https://link.springer.com/book/10.1007/978-0-387-38319-4  

Bowerman, C., Bhakta, N. R., Brazzale, D., Cooper, B. R., Cooper, J., Gochicoa-Rangel, L., 

Haynes, J., Kaminsky, D. A., Lan, L. T. T., & Masekela, R. (2023). A race-neutral approach 

to the interpretation of lung function measurements. American journal of respiratory and 

critical care medicine, 207(6), 768-774. https://doi.org/10.1164/rccm.202205-0963OC  

Bowker, G. C., & Star, S. L. (1999). Sorting things out. Classification and its consequences, 4. 

https://doi.org/10.7551/mitpress/6352.001.0001   

Brucker, F., & Barthélemy, J.-P. (2007). Eléments de classification: aspects combinatoires et 

algorithmiques. Hermès Science publications.  

Burgess, A., Goon, K., Brannan, J. D., Attia, J., Palazzi, K., Oldmeadow, C., Corte, T. J., 

Glaspole, I., Goh, N., & Keir, G. (2019). Eligibility for anti‐fibrotic treatment in idiopathic 

pulmonary fibrosis depends on the predictive equation used for pulmonary function testing. 

Respirology, 24(10), 988-995. https://doi.org/10.1111/resp.13540  

Cooper, B. G., Stocks, J., Hall, G. L., Culver, B., Steenbruggen, I., Carter, K. W., Thompson, 

B. R., Graham, B. L., Miller, M. R., & Ruppel, G. (2017). The Global Lung Function 

Initiative (GLI) Network: bringing the world’s respiratory reference values together. 

Breathe, 13(3), e56-e64. https://doi.org/10.1183/20734735.012717  

Cotes, J., Chinn, D., & Reed, J. (2001). Body mass, fat percentage, and fat free mass as 

reference variables for lung function: effects on terms for age and sex. Thorax, 56(11), 839. 

https://doi.org/10.1136/thorax.56.11.839  

Cotes, J. E., Chinn, D. J., & Miller, M. R. (2006). Lung function: physiology, measurement and 

application in medicine (6th ed.). Blackwell Scientific Publications.  

Dominelli, P. B., & Molgat-Seon, Y. (2022). Sex, gender and the pulmonary physiology of 

exercise. European Respiratory Review, 31(163), 210074. 

https://doi.org/10.1183/16000617.0074-2021  

 

https://doi.org/10.1684/sss.2022.0238
https://doi.org/10.1007/s00038-006-5062-1
https://doi.org/10.1016/0002-9343(86)90678-9
https://doi.org/10.1016/0002-9343(86)90678-9
https://doi.org/10.1136/thx.54.12.1119
https://link.springer.com/book/10.1007/978-0-387-38319-4
https://doi.org/10.1164/rccm.202205-0963OC
https://doi.org/10.7551/mitpress/6352.001.0001
https://doi.org/10.1111/resp.13540
https://doi.org/10.1183/20734735.012717
https://doi.org/10.1136/thorax.56.11.839
https://doi.org/10.1183/16000617.0074-2021


 

 

ESSACHESS vol. 17, no. 1(33) / 2024        00 

 

Ekström, M., Backman, H., & Mannino, D. (2024). Clinical Implications of the Global Lung 

Function Initiative Race-Neutral Spirometry Reference Equations in Terms of 

Breathlessness and Mortality. American journal of respiratory and critical care medicine, 

209(1), 104-106. https://doi.org/https://doi-

org.proxy.insermbiblio.inist.fr/10.1164/rccm.202212-2229LE 

Epstein, S. (2004). Bodily differences and collective identities: The politics of gender and race 

in biomedical research in the United States. Body & Society, 10(2-3), 183-203. 

https://doi.org/10.1177/1357034X04042942  

Fausto-Sterling, A. (2000). The five sexes, revisited. The sciences, 40(4), 2-49. 

https://doi.org/10.1002/j.2326-1951.2000.tb03504.x  

Favre, C. (2017). Les données de la recherche vues au travers des lunettes du genre: quand 

l'informatique rencontre les sciences humaines et sociales pour rendre visible le non visible-

Le cas de données de la recherche en informatique. INFORSID (INFormatique des 

ORganisations et Systèmes d’Information et de Décision). https://hal.science/hal-

01532778/document 

Gaffney, A. (2023). Pulmonary Function Prediction Equations—Clinical Ramifications of a 

Universal Standard. JAMA Network Open, 6(6), e2316129-e2316129. 

https://doi.org/10.1001/jamanetworkopen.2023.16129  

Galloway, A. R. (2012). The interface effect. Polity Press. https://svbedu.wordpress.com/wp-

content/uploads/2016/02/galloway_alexander_interface-effect.pdf 

Gardey, D. (2006). Les sciences et la construction des identités sexuées. Une revue critique. 

Annales. Histoire, sciences sociales, 61(3), 647-673. 
https://doi.org/10.1017/S0395264900003218 

Gardey, D., & Chabaud-Rychter, D. (2002). L’engendrement des choses. Des hommes, des 

femmes et des techniques (Coll. «Etudes des sciences et Histoire des techniques» ed.). Paris, 

Éditions des archives contemporaines. https://doi.org/10.17184/eac.9782914610032  

Graham, B. L., Steenbruggen, I., Miller, M. R., Barjaktarevic, I. Z., Cooper, B. G., Hall, G. L., 

Hallstrand, T. S., Kaminsky, D. A., McCarthy, K., & McCormack, M. C. (2019). 

Standardization of spirometry 2019 update. An official American thoracic society and 

European respiratory society technical statement. American journal of respiratory and 

critical care medicine, 200(8), e70-e88. https://doi.org/10.1164/rccm.201908-1590ST  

Günther, S., Gille, T., Chenuel, B., Aubourg, F., Barnig, C., Bayat, S., Beydon, N., Bonay, M., 

Charloux, A., Demoulin, S., Hulo, S., Ioana, C., Rannou, F., Gauthier, R., Edmé, J., 

Plantier, L., & SPLF, G. f. r. d. l. (2023). Utilisation des valeurs de référence GLI pour 

l’interprétation des résultats d’EFR: prise de position du groupe «Fonction Respiratoire» 

de la SPLF. Revue des Maladies Respiratoires, 40, 198-201. 

https://doi.org/10.1016/j.rmr.2023.01.008  

Harber, P., Schnur, R., Emery, J., Brooks, S., & Ploy-Song-Sang, Y. (1983). Statistical “biases” 

in respiratory disability determinations. American Review of Respiratory Disease, 128(3), 

413-418. https://doi.org/10.1164/arrd.1983.128.3.413  

Havelock Ellis, H. (1894). Man and woman: a study of secondary and tertiary sexual 

characters. New York: Charles Scribner’s Sons.  

https://doi.org/https:/doi-org.proxy.insermbiblio.inist.fr/10.1164/rccm.202212-2229LE
https://doi.org/https:/doi-org.proxy.insermbiblio.inist.fr/10.1164/rccm.202212-2229LE
https://doi.org/10.1177/1357034X04042942
https://doi.org/10.1002/j.2326-1951.2000.tb03504.x
https://hal.science/hal-01532778/document
https://hal.science/hal-01532778/document
https://doi.org/10.1001/jamanetworkopen.2023.16129
https://svbedu.wordpress.com/wp-content/uploads/2016/02/galloway_alexander_interface-effect.pdf
https://svbedu.wordpress.com/wp-content/uploads/2016/02/galloway_alexander_interface-effect.pdf
https://doi.org/10.17184/eac.9782914610032
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1016/j.rmr.2023.01.008
https://doi.org/10.1164/arrd.1983.128.3.413


LEMARCHAND, HASSOUN & KUNTZ           

 

00 

Heise, L., Greene, M. E., Opper, N., Stavropoulou, M., Harper, C., Nascimento, M., Zewdie, 

D., Darmstadt, G. L., Greene, M. E., & Hawkes, S. (2019). Gender inequality and restrictive 

gender norms: framing the challenges to health. The Lancet, 393(10189), 2440-2454. 

https://doi.org/10.1016/S0140-6736(19)30652-X  

Hulo, S., de Broucker, V., Giovannelli, J., Cherot-Kornobis, N., Nève, V., Sobaszek, A., 

Dauchet, L., & Edmé, J.-L. (2016). Global Lung Function Initiative reference equations 

better describe a middle-aged, healthy French population than the European Community 

for Steel and Coal values. European Respiratory Journal, 48(6), 1779-1781. 

https://doi.org/10.1183/13993003.00606-2016  

Hutchinson, J. (1846). On the capacity of the lungs, and on the respiratory functions, with a 

view of establishing a precise and easy method of detecting disease by the spirometer. 

Medico-chirurgical transactions, 29, 137. https://doi.org/10.1177/095952874602900113  

Hyde, J. S. (2005). The gender similarities hypothesis. American psychologist, 60(6), 581. 

https://doi.org/10.1037/0003-066X.60.6.581  

Jacobs Jr, D. R., Nelson, E. T., Dontas, A. S., Keller, J., Slattery, M. L., & Higgins, M. (1992). 

Are race and sex differences in lung function explained by frame size. American Review of 

Respiratory Disease, 146, 644-649. https://doi.org/10.1164/ajrccm/146.3.644  

Kaminsky, D. A. (2022). Is there a role for using race-specific reference equations? Yes and 

No. American Journal of Respiratory and Critical Care Medicine, 205(7), 746-748. 

https://doi.org/10.1164/rccm.202201-0006ED  

Klein, S. L., Schiebinger, L., Stefanick, M. L., Cahill, L., Danska, J., de Vries, G. J., Kibbe, M. 

R., McCarthy, M. M., Mogil, J. S., Woodruff, T. K., & Zucker, I. (2015). Opinion: Sex 

inclusion in basic research drives discovery. Proc Natl Acad Sci U S A, 112(17), 5257-

5258. https://doi.org/10.1073/pnas.1502843112  

Knudson, R. J., Lebowitz, M. D., Holberg, C. J., & Burrows, B. (1983). Changes in the normal 

maximal expiratory flow-volume curve with growth and aging. American Review of 

Respiratory Disease, 127(6), 725-734. https://doi.org/10.1164/arrd.1983.127.6.725  

Knudson, R. J., Slatin, R. C., Lebowitz, M. D., & Burrows, B. (1976). The maximal expiratory 

flow-volume curve: normal standards, variability, and effects of age. American Review of 

Respiratory Disease, 113(5), 587-600. https://doi.org/10.1164/arrd.1976.113.5.587  

Kraus, C. (2000). La bicatégorisation par «sexe» à l'épreuve de la science: le cas des recherches 

en biologie sur la détermination du sexe chez les humains. In J. Kridge (Ed.), L'Invention 

du naturel. Les sciences et la fabrication du féminin et du masculin (pp. 187-213). Edition 

des archives contemporaines. 

https://serval.unil.ch/resource/serval:BIB_40466.P001/REF.pdf  

Lemarchand, P. (2023). La catégorie homme/femme à l’épreuve de la recherche biomédicale. 

In Qu'est-ce qu'une femme ? Catégories homme/femme : débats contemporains (pp. 23-67). 

Éditions Matériologiques. https://doi.org/10.3917/edmat.lemar.2023.01.0025  

Maney, D. L. (2016). Perils and pitfalls of reporting sex differences. Philosophical 

Transactions of the Royal Society B: Biological Sciences, 371(1688), 20150119. 

https://doi.org/10.1098/rstb.2015.0119  

https://doi.org/10.1016/S0140-6736(19)30652-X
https://doi.org/10.1183/13993003.00606-2016
https://doi.org/10.1177/095952874602900113
https://doi.org/10.1037/0003-066X.60.6.581
https://doi.org/10.1164/ajrccm/146.3.644
https://doi.org/10.1164/rccm.202201-0006ED
https://doi.org/10.1073/pnas.1502843112
https://doi.org/10.1164/arrd.1983.127.6.725
https://doi.org/10.1164/arrd.1976.113.5.587
https://serval.unil.ch/resource/serval:BIB_40466.P001/REF.pdf
https://doi.org/10.3917/edmat.lemar.2023.01.0025
https://doi.org/10.1098/rstb.2015.0119


 

 

ESSACHESS vol. 17, no. 1(33) / 2024        00 

 

Marciniuk, D. D., Becker, E. A., Kaminsky, D. A., McCormack, M. C., Stanojevic, S., Bhakta, 

N. R., Bime, C., Comondore, V., Cowl, C. T., & Dell, S. (2023). Effect of Race and 

Ethnicity on Pulmonary Function Testing Interpretation: A CHEST/AARC/ATS/CTS 

Evidence Review and Research Statement. Chest, 164(2), 461-475. 

https://doi.org/10.1016/j.chest.2023.03.026  

Mauvais-Jarvis, F., Bairey Merz, N., Barnes, P. J., Brinton, R. D., Carrero, J.-J., DeMeo, D. L., 

De Vries, G. J., Epperson, C. N., Govindan, R., Klein, S. L., Lonardo, A., Maki, P. M., 

McCullough, L. D., Regitz-Zagrosek, V., Regensteiner, J. G., Rubin, J. B., Sandberg, K., 

& Suzuki, A. (2020). Sex and gender: modifiers of health, disease, and medicine. Lancet, 

396(10250), 565-582. https://doi.org/10.1016/S0140-6736(20)31561-0  

Mauvais-Jarvis, F., Berthold, H. K., Campesi, I., Carrero, J.-J., Dakal, S., Franconi, F., Gouni-

Berthold, I., Heiman, M. L., Kautzky-Willer, A., Klein, S. L., Murphy, A., Regitz-

Zagrosek, V., Reue, K., & Rubin, J. B. (2021). Sex- and Gender-Based Pharmacological 

Response to Drugs. Pharmacol Rev, 73(2), 730-762. 

https://doi.org/10.1124/pharmrev.120.000206  

Molgat-Seon, Y., Peters, C. M., & Sheel, A. W. (2018). Sex-differences in the human 

respiratory system and their impact on resting pulmonary function and the integrative 

response to exercise. Current Opinion in Physiology, 6, 21-27. 

https://doi.org/10.1016/j.cophys.2018.03.007  

Pape, M., Miyagi, M., Ritz, S., A., Boulicault, M., Richardson, S., S. , & Maney, D., L. . (2024). 

Sex contextualism in laboratory research: Enhancing rigor and precision in the study of sex-

related variables. Cell, 187(6), 1316-1326. https://doi.org/10.1016/j.cell.2024.02.008  

Pellegrino, R., Viegi, G., Brusasco, V., Crapo, R. O., Burgos, F., Casaburi, R., Coates, A., Van 

Der Grinten, C., Gustafsson, P., & Hankinson, J. (2005). Interpretative strategies for lung 

function tests. European Respiratory Journal, 26(5), 948-968. 

https://doi.org/10.1183/09031936.05.00035205  

Pidoux, J., & Kuntz, P. (2024). Digitamorphosis of feminine bodies on affective dating 

applications. In INTERFACING BODIES AND TECHNOLOGIES Practices, imaginaries 

and materiality (pp. 227-245). Edizioni Università di Trieste.  

Quanjer, P. H., Stanojevic, S., Cole, T. J., Baur, X., Hall, G. L., Culver, B. H., Enright, P. L., 

Hankinson, J. L., Ip, M. S., Zheng, J., Stocks, J., & ERS Global Lung Function Initiative 

(2012). Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global 

lung function 2012 equations. Eur Respir J, 40(6), 1324-1343. 

https://doi.org/10.1183/09031936.00080312  

Raz, M. (2016). Bicatégorisation. In J. Rennes (Ed.), Encyclopédie critique du genre (pp. 87-

95). La Découverte. https://doi.org/10.3917/dec.renne.2016.01.0087  

Richardson, S. S. (2022). Sex contextualism. Philosophy, Theory, and Practice in Biology, 14, 

2. https://doi.org/10.3998/ptpbio.2096  

Ritz, S. A., & Greaves, L. (2022). Transcending the Male–Female Binary in Biomedical 

Research: Constellations, Heterogeneity, and Mechanism When Considering Sex and 

Gender. International Journal of Environmental Research and Public Health, 19(7), 4083. 

https://doi.org/10.3390/ijerph19074083  

https://doi.org/10.1016/j.chest.2023.03.026
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1124/pharmrev.120.000206
https://doi.org/10.1016/j.cophys.2018.03.007
https://doi.org/10.1016/j.cell.2024.02.008
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.3917/dec.renne.2016.01.0087
https://doi.org/10.3998/ptpbio.2096
https://doi.org/10.3390/ijerph19074083


LEMARCHAND, HASSOUN & KUNTZ           

 

00 

Saguy, T., Reifen-Tagar, M., & Joel, D. (2021). The gender-binary cycle: the perpetual relations 

between a biological-essentialist view of gender, gender ideology, and gender-labelling and 

sorting. Philosophical Transactions of the Royal Society B, 376(1822), 20200141. 

https://doi.org/10.1098/rstb.2020.0141  

Schwartz, J., Katz, S. A., Fegley, R. W., & Tockman, M. S. (1988). Sex and race differences in 

the development of lung function. American Review of Respiratory Disease, 138(6), 1415-

1421. https://doi.org/10.1164/ajrccm/138.6.1415  

Schwarz, J., & Clair, C. (2023). La médecine et l’épidémiologie sociale à l’épreuve du genre. 

In M. Arminjon & S. Maulini (Eds.), Inégalités de santé: fondements historiques et enjeux 

contemporains de l’épidémiologie sociale (pp. 239-255). Georg Editeur. 

https://www.georg.ch/pub/media/productattach/i/n/inegalites_des_sante_open_access.pdf  

Stanojevic, S., Kaminsky, D. A., Miller, M. R., Thompson, B., Aliverti, A., Barjaktarevic, I., 

Cooper, B. G., Culver, B., Derom, E., & Hall, G. L. (2022). ERS/ATS technical standard 

on interpretive strategies for routine lung function tests. European Respiratory Journal, 

60(1), 2101499. https://doi.org/10.1183/13993003.01499-2021  

Stanojevic, S., Wade, A., Stocks, J., Hankinson, J., Coates, A. L., Pan, H., Rosenthal, M., 

Corey, M., Lebecque, P., & Cole, T. J. (2008). Reference ranges for spirometry across all 

ages: a new approach. American journal of respiratory and critical care medicine, 177(3), 

253-260. https://doi.org/10.1164/rccm.200708-1248OC  

Suraud, M.-G. (1996). La scientométrie: une méthode d’évaluation de la recherche? 

Communication et organisation. Revue scientifique francophone en Communication 

organisationnelle (10). https://doi.org/10.4000/communicationorganisation.1881  

Townsend, E. A., Miller, V. M., & Prakash, Y. (2012). Sex differences and sex steroids in lung 

health and disease. Endocrine reviews, 33(1), 1-47. https://doi.org/10.1210/er.2010-003  

Vilhjalmsson, R., & Kristjansdottir, G. (2003). Gender differences in physical activity in older 

children and adolescents: the central role of organized sport. Social Science & Medicine, 

56(2), 363-374. https://doi.org/10.1016/S0277-9536(02)00042-4  

Vinck, D. (1995). Sociologie des sciences. Paris, Armand Colin.  

Woolf, S. H. (2008). The meaning of translational research and why it matters. JAMA, 299(2), 

211-213. https://doi.org/10.1001/jama.2007.26  

Yu, K.-H., Beam, A. L., & Kohane, I. S. (2018). Artificial intelligence in healthcare. Nature 

biomedical engineering, 2(10), 719-731. https://doi.org/10.1038/s41551-018-0305-z  

Zack, T., Lehman, E., Suzgun, M., Rodriguez, J. A., Celi, L. A., Gichoya, J., Jurafsky, D., 

Szolovits, P., Bates, D. W., & Abdulnour, R.-E. E. (2024). Assessing the potential of GPT-

4 to perpetuate racial and gender biases in health care: a model evaluation study. The Lancet 

Digital Health, 6(1), e12-e22. https://doi.org/10.1016/S2589-7500(23)00225-X  

  

https://doi.org/10.1098/rstb.2020.0141
https://doi.org/10.1164/ajrccm/138.6.1415
https://www.georg.ch/pub/media/productattach/i/n/inegalites_des_sante_open_access.pdf
https://doi.org/10.1183/13993003.01499-2021
https://doi.org/10.1164/rccm.200708-1248OC
https://doi.org/10.4000/communicationorganisation.1881
https://doi.org/10.1210/er.2010-003
https://doi.org/10.1016/S0277-9536(02)00042-4
https://doi.org/10.1001/jama.2007.26
https://doi.org/10.1038/s41551-018-0305-z
https://doi.org/10.1016/S2589-7500(23)00225-X


 

 

ESSACHESS vol. 17, no. 1(33) / 2024        00 

 

Appendix: list of articles in the studied corpus. 

 Reference Article 

type 

Terminology 

1 Hutchinson, John. "On the capacity of the lungs, and on the 

respiratory functions, with a view of establishing a precise and easy 

method of detecting disease by the spirometer." Medico-chirurgical 

transactions (1846). 29: 137. 

OA Male, female, 

girl 

2 Havelock Ellis, Henry. Man and woman: a study of secondary and 

tertiary sexual characters. New York: Charles Scribner’s Sons, 

(1894): 257. 

OA Sex, men, 

women, 

female, male, 

sexual 

dimorphism 

3 Knudson, Ronald J., et al. "The maximal expiratory flow-volume 

curve: normal standards, variability, and effects of age." American 

Review of Respiratory Disease (1976), 113(5): 587-600. 

OA Sex, males, 

females 

4 Knudson, Ronald J, et al.  « Changes in the normal maximal 

expiratory flow-volume curve with growth and aging. » American 

Review of Respiratory Disease (1983), 127(6):725-34. 

OA Sex, male, 

female, 

women, men,  

5 Schwartz, Joel, et al. "Sex and race differences in the development 

of lung function." American Review of Respiratory Disease (1988), 

138(6): 1415-1421. 

OA Sex, male, 

female, sex 

differences, 

gender  

6 Jacobs, David R. Jr, et al. "Are race and sex differences in lung 

function explained by frame size." Am Rev Respir Dis 146 (1992), 

51(3): 644-49. 

OA Sex, women, 

men 

7 Brändli, Otto, et al. "Lung function in healthy never smoking 

adults: reference values and lower limits of normal of a Swiss 

population." Thorax (1996): 277. 

OA Sex, women, 

men 

8 Hankinson, John L., John R. Odencrantz, and Kathleen B. Fedan. 

"Spirometric reference values from a sample of the general US 

population." American Journal of Respiratory and Critical Care 

Medicine (1999), 159(1): 179-187. 

OA Sex, female, 

male 

9 Golshan, Mohammad, et al. European Respiratory Journal, (2003): 

22(3), 529-534 

OA Sex, male, 

female, 

10 Guenette, Jordan A., et al. "Respiratory mechanics during exercise 

in endurance‐trained men and women." The Journal of physiology 

(2007), 581(3): 1309-1322. 

OA Sex, male, 

female, men, 

women 

11 Stanojevic, Sanja, et al. "Reference ranges for spirometry across all 

ages: a new approach." American Journal of Respiratory and 

Critical Care Medicine (2008), 177(3): 253-260. 

OA Sex, male, 

female, 

12 Kuster, S. P., et al. "Reference equations for lung function 

screening of healthy never-smoking adults aged 18–80 years." 

European Respiratory Journal (2008), 31(4): 860-868. 

OA Sex, male, 

female, 

13 Thompson, Bruce T., et al. "Prediction equations for single breath 

diffusing capacity (dlco) in a middle aged caucasian population." 

Thorax (2008), 63: 889–893 

OA Male, female, 

14 Quanjer, Philip H., et al. "Multi-ethnic reference values for 

spirometry for the 3–95-yr age range: the global lung function 2012 

OA Sex, male, 

female, 



LEMARCHAND, HASSOUN & KUNTZ           

 

00 

equations." European Respiratory Journal, (2012), 40(6): 1324-

1343. 

15 Saad, Helmi Ben, et al. "The recent multi-ethnic global lung 

initiative 2012 (GLI2012) reference values don't reflect 

contemporary adult's North African spirometry." Respiratory 

medicine (2013), 107(12): 2000-2008. 

OA Sex, male, 

female,  

16 Backman, Helena, et al. "Evaluation of the global lung function 

initiative 2012 reference values for spirometry in a Swedish 

population sample." BMC pulmonary medicine (2015), 15(1): 1-8. 

OA Sex, men, 

women 

17 Hulo, Sébastien, et al. "Global Lung Function Initiative reference 

equations better describe a middle-aged, healthy French population 

than the European Community for Steel and Coal values." 

European Respiratory Journal (2016), 48(6): 1779-1781. 

OA Sex, men, 

women 

18 Hüls, Anke, et al. "Applicability of the global lung initiative 2012 

reference values for spirometry for longitudinal data of elderly 

women." PloS one (2016), 11(6): e0157569. 

OA women 

19 Kainu, Annette, et al. "Reference values of spirometry for Finnish 

adults." Clinical physiology and functional imaging (2016), 36(5): 

346-358. 

OA Sex, gender, 

men, women 

20 Langhammer, Arnulf, et al. "Global Lung Function Initiative 2012 

reference equations for spirometry in the Norwegian population." 

European Respiratory Journal (2016), 48(6): 1602-1611. 

OA Sex, male, 

female 

21 Stanojevic, Sanja, et al. "Official ERS technical standards: Global 

Lung Function Initiative reference values for the carbon monoxide 

transfer factor for Caucasians." European Respiratory Journal 

(2017), 50(3) : 1700010. 

OA Sex, female, 

male 

22 Ketfi, Abdelbassat, et al. "The multi‐ethnic global lung initiative 

2012 (GLI-2012) norms reflect contemporary adult's Algerian 

spirometry." PLoS One (2018), 13(9): e0203023. 

OA Sex, women, 

men, female, 

male, 

23 Zhang, Jingzhou, et al. "Global lung function initiative 2012 

reference values for spirometry in Asian Americans." BMC 

pulmonary medicine (2018), 18(1): 1-9. 

OA Sex, women, 

men 

24 Molgat-Seon, Yannick, et al. "The effects of age and sex on 

mechanical ventilatory constraint and dyspnea during exercise in 

healthy humans." Journal of Applied Physiology (2018), 124(4): 

1092-1106. 

OA Sex, 

biological sex, 

men, women 

25 Abdullah, Noraidatulakma, et al. "Global Lung Initiative 2012 

spirometry reference values in a large Asian cohort of Malay, 

Chinese and Indian ancestry." Respirology (2018), 23(12): 1173-

1179. 

OA Gender, male, 

female 

26 Ekström, Magnus, et al. "Absolute lung size and the sex difference 

in breathlessness in the general population." PLoS One (2018), 

13(1): e0190876. 

OA Sex, women, 

men, 

sex difference  

27 Haynes, Jeffrey M., and Ralph W. Stumbo. "The impact of using 

non-birth sex on the interpretation of spirometry data in subjects 

with air-flow obstruction." Respiratory Care (2018), 63(2): 215-

218. 

OA Sex, birth sex, 

non-birth sex, 

gender, 

gender 

identity, 

female, male 



 

 

ESSACHESS vol. 17, no. 1(33) / 2024        00 

 

28 de Broucker, Virginie, et al. "Les valeurs de référence GLI-2012 

pour la spirométrie forcée décrivent fidèlement la population 

européenne et française." Revue des Maladies Respiratoires 36.3 

(2019): 287-290. 

OA Sexe, femmes, 

hommes 

29 Hall, Graham L., et al. "Official ERS technical standard: Global 

Lung Function Initiative reference values for static lung volumes in 

individuals of European ancestry." European Respiratory Journal 

(2021), 57(3): 2000289. 

OA Sex, female, 

male 

30 Sahebi, Leyla, et al. "Evaluation of the Global Lung Function 

Initiative 2012 reference values for spirometry in an Iranian 

population." Scientific Reports (2022), 12(1): 12784. 

OA Sex, gender, 

female, male 

31 De Soomer, Kevin, et al. "Evaluation of the Global Lung Function 

Initiative reference equations in Belgian adults." ERJ Open 

Research (2022), 8(2): 00671-2021. 

OA Sex, female, 

male, 

32 Bhammar, Dharini M., et al. "Sex differences in the ventilatory 

responses to exercise in mild to moderate obesity." Experimental 

Physiology 107.8 (2022): 965-977. 

OA Sex, male, 

female, sex 

differences 

33 Ekström, Magnus, and David Mannino. "Race-adjusted lung 

function increases inequities in diagnosis and prognosis and should 

be abandoned." medRxiv (2022): 2022-01. 

OA Sex 

34 Baugh, Aaron D., et al. "Reconsidering the utility of race-specific 

lung function prediction equations." American Journal of 

Respiratory and Critical Care Medicine (2022), 205(7): 819-829. 

OA Sex 

35 Bowerman, Cole, et al. "A race-neutral approach to the 

interpretation of lung function measurements." American Journal 

of Respiratory and Critical Care Medicine (2023), 207(6): 768-774. 

OA Sex, sex-

specific, sex-

stratified, 

 females, 

males 

36 Moffett, Alexander T., et al. "Global, race-neutral reference 

equations and pulmonary function test interpretation." JAMA 

Network Open (2023), 6(6): e2316174-e2316174. 

OA Sex, women, 

men, female, 

male 

37 Kanj, Amjad N., et al. "Application of Global Lung Function 

Initiative Global Spirometry Reference Equations across a Large, 

Multicenter Pulmonary Function Lab Population." American 

Journal of Respiratory and Critical Care Medicine (2024), 209(1): 

83-90. 

OA Sex, female, 

patients 

identified 

as female at 

birth 

38 Becklake, Margaret R. Concepts of normality applied to the 

measurement of lung function. Am J Med. (1986), 80(6):1158-64.  

LR Sex 

39 American Thoracic Society. "Lung function testing: selection of 

reference values and interpretative strategies." American Review of 

Respiratory Disease (1991), 144: 1202-1218. 

MSR Sex, men, 

women 

40 Quanjer, Philip H., et al. Lung volumes and forced ventilatory 

flows. European respiratory journal. (1993), 6(16):5-40. 

MSR Sex, men, 

women 

41 Crapo, Robert O. Pulmonary-function testing. New England 

Journal of Medicine. (1994), 331(1):25-30. 

LR (no term) 

42 Milic-Emili, Joseph, Luigi Marazzini, and Edgardo D’Angelo. 

"150 years of blowing: since John Hutchinson." Canadian 

Respiratory Journal (1997), 4: 239-245. 

LR (no term) 



LEMARCHAND, HASSOUN & KUNTZ           

 

00 

43 Becklake, Margaret R., and Francine Kauffmann. "Gender 

differences in airway behaviour over the human life span." Thorax 

(1999), 54(12): 1119-1138. 

LR Sex, gender, 

gender 

differences, 

sex 

differences, 

female, male 

44 Pellegrino ,Riccardo, et al. Interpretative strategies for lung 

function tests. European Respiratory Journal. (2005), 26(5):948-68. 

LR  Sex, female, 

male 

45 Cotes, John E., David J. Chinn, and Martin R. Miller. Lung 

function: physiology, measurement and application in medicine. 

6th ed. Oxford: Blackwell Scientific Publications, 2006 

Text-

book 

Sex, gender, 

male, female 

46 Stanojevic, Sanja A., et al. "Reference values for lung function: 

past, present and future." European Respiratory Journal (2010), 

36(1): 12-19. 

LR Sex, males 

females 

47 Culver, Bruce H., et al. "Recommendations for a standardized 

pulmonary function report. An official American Thoracic Society 

technical statement." American Journal of Respiratory and Critical 

Care Medicine (2017), 196(11): 1463-1472. 

MSR Sex, women, 

men 

48 Cooper, Brendan G., et al. "The Global Lung Function Initiative 

(GLI) Network: bringing the world’s respiratory reference values 

together." Breathe (2017), 13(3): e56-e64. 

LR Sex, male, 

female 

49 Graham, Brian L., et al. "Standardization of spirometry 2019 

update. An official American thoracic society and European 

respiratory society technical statement." American Journal of 

Respiratory and Critical Care Medicine (2019), 200(8): e70-e88. 

MSR Sex, birth sex, 

gender,  

gender 

identity 

50 Stanojevic, Sanja, et al. "ERS/ATS technical standard on 

interpretive strategies for routine lung function tests." European 

Respiratory Journal (2022), 60(1): 2101499. 

MSR Sex, 

biological sex, 

gender, 

females, 

males, 

women, men 

51 LoMauro, Antonella, and Andrea Aliverti. "Sex differences in 

respiratory function." Breathe (2018), 14(2): 131-140. 

LR Sex, male, 

female, men, 

women, 

sexual 

dimorphism, 

sex-related 

differences 

52 Molgat-Seon, Yannick, et al. "Sex-differences in the human 

respiratory system and their impact on resting pulmonary function 

and the integrative response to exercise." Current Opinion in 

Physiology (2018), 6: 21-27. 

LR Sex, sex 

differences, 

sexual 

dimorphism, 

females, 

males, 

women, men 

53 Sheel, A. William, and Jordan A. Guenette. "Mechanics of 

breathing during exercise in men and women: sex versus body size 

differences?." Exercise and sport sciences reviews (2008), 36(3): 

128-134. 

LR Sex, female, 

male, women, 

men, sex 

differences 



 

 

ESSACHESS vol. 17, no. 1(33) / 2024        00 

 

54 Ansdell, Paul, et al. "Physiological sex differences affect the 

integrative response to exercise: acute and chronic implications." 

Experimental physiology (2020), 105(12): 2007-2021. 

LR Sex, sexual 

dimorphism, 

sex 

differences, 

male, female, 

men, women 

55 Dominelli, Paolo B., and Yannick Molgat-Seon. "Sex, gender and 

the pulmonary physiology of exercise." European Respiratory 

Review (2022), 31(163): 210074. 

LR Sex, gender, 

sex 

differences, 

male, female, 

men, women 

56 Marciniuk, Darcy D., et al. "Effect of Race and Ethnicity on 

Pulmonary Function Testing Interpretation." Chest (2023), 164(2): 

461-475. 

MSR Sex, women, 

men 

57 Bhakta, Nirav R., et al. "Race and ethnicity in pulmonary function 

test interpretation: an official American Thoracic Society 

Statement." American Journal of Respiratory and Critical Care 

Medicine (2023), 207(8): 978-995. 

MSR Sex, gender, 

female, male 

58 Townsend, Elizabeth A., et al. "Sex differences and sex steroids in 

lung health and disease." Endocrine reviews (2012), 33(1): 1-47. 

LR Sex, sex 

differences, 

gender, 

59 Maney, Donna L. "Perils and pitfalls of reporting sex differences." 

Philosophical Transactions of the Royal Society B: Biological 

Sciences (2016), 371(1688): 20150119. 

LR Sex, gender, 

sex 

differences, 

dimorphism, 

female, male, 

men, women 

60 Rippon, Gina, et al. " Impression management in sex and gender 

neuroscience research reporting: the MAGIC guidelines." Nature 

Communications (2024), 15(1): 2826. 

LR Sex, gender, 

sex 

differences, 

gender 

differences, 

female, male, 

men, women 

Type of article: OA (original article), LR (literature review), MSR (medical society recommendation). 

The articles were classified into two categories (original article/literature review or recommendations from 

medical societies), and chronologically within each category, to which were added the last three 

publications (a reference review of the literature on sex differences in lung health and disease, and two 

reference reviews criticizing the use of sex as a biological variable in biomedical research). 

 


