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Sex AND Gender in Health and Disease

Sex

Biological 

differences

such as genes, sex 

hormones, anatomy, 

and physiology

Gender

Socially 

constructed 

characteristics of 

women and men

Regitz-Zagrosek V and Gebhard C. Nat Rev Cardiol. 2022
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Gender Medicine & Data?

„LADIES LAST“
Mind the Gender Data Gap
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• Sex differences in 
inflammation/immune responses are 
known

• 15% women, 85% men

• No benefit in women (supplementary 
information) 

Nidorf M et al. N Engl J Med. 2020

Gender Data Gap: Examples….
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“We performed a population-based, 
parallel-group, randomized, 
controlled trial involving men 65 to 
74 years of age living in 15 Danish 
municipalities.”

Lindholt JS et al. N Engl J Med. 2022

Gender Data Gap: Examples….
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Gender Data Gap: Impact….

Meta-analysis comprising 48 studies, Mertin RM et al. Br J Clin Pharmacol. 1998; Watson S et al. EClinicalMedicine. 2019
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Undesirable side-effects

285’862 Women

221’781 Men
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Shah K et al. Am J Physiol-Cell Physiology. 2014; Taylor KE et al. Biol Sex Differ. 2011; Nature Medicine. 2017; Mogil JS. Nat Rev Neurosci. 
2020; Ouyang D et al. Circ Cardiovasc Qual Outcomes. 2018
.  

Male 
20%

Female
5%

Not 
defined

75%

Animal 
experimentation

In vitro studies Sex of Authors in 
Cardiovascular Journals

Sex of Study Subjects and Authors
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Labinaz A et al. J Am Coll Cardiol Basic Trans Science. 2019

“In preclinical studies that reported the sex of the animals used, female authorship was positively 

associated with studying female animals, using animals of both sexes, and reporting sex-specific 

results, which are findings that persisted in adjusted and sensitivity analyses.” 
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Three Strategic Approaches

1. "Fix the Numbers" focuses on increasing women's and underrepresented groups' participation.

2. "Fix the Institutions" promotes inclusive equality in careers through structural change in research organizations

3. "Fix the Knowledge" or "gendered innovations" stimulates excellence in science and technology by integrating 

sex, gender, and intersectional analysis into research.

Gendered Innovations



Sex and
Gender in 
Medicine

Jensen MP et al. Curr. Biol. 2018; Sorge RE et al. Nat. Neurosci. 2015

Pain sensing: Inhibitors of microglia reduce pain sensing in male—but not 

female—mice, underscoring the potential importance of sex-dependent 

molecular pain pathways
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Sex and Gender Differences in Pain 
Perception

Mauvais-Jarvis F et al. Lancet. 2020

Women suffer more often from chronic pain…..
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Depression – sex specific responses to treatments: Sexually divergent 

networks in the brain with distinct patterns of stress-induced gene 

regulation in males and females

Tannenbaum C et al. Pharmacol. Res. 2017; Juul K et al.  Am J Physiol Renal Physiol. 2011

Drug dosing: The gene for the arginine vasopressin receptor is found on 

the X chromosome in a region that is likely to escape X-chromosome 

inactivation, women are more sensitive to the antidiuretic effects of 

vasopressin than men -> reduced sodium concentration in women, more 

side effects
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Cancer Immunotherapy: A higher proportion of male patients with 

melanoma or lung cancer, who are treated with checkpoint inhibitors, 

achieve successful remission (potential mechanisms: natural killer cells are 

sensitive to oestrogen and testosterone)

Conforti F et al. Lancet Oncol. 2018; Gao F et al. J. Hered. 2015

X-Chromosome: Sex chromosomes were excluded from most GWAS

studies. Recent tools in computational biology and statistical genetics 

software will facilitate the exploration of X-chromosome-related expression 

in complex diseases (XWAS)
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Ramirez FD et al. Circulation. 2017

P trend calculated for the 

proportion of studies using 

exclusively males

P trend calculated for the 

proportion of studies 

using exclusively females

Time Trend…..
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Analysis of neuroscience and psychiatry papers published in 2009 and 

2019

Rechlin RK et al. Nature Comm. 2022

Time Trend…..

“Only 19% of papers in 2019 used 

an optimal design for discovery of 

possible sex differences, and only 

5% of the papers analysed sex as a 

discovery variable.”
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Gender Medicine:
The Long and Rocky Road to Equality
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Recent Advances and Future Outlook
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Recent Advances in Switzerland

NRP Gender 

Medicine?
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