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Sex bias in disorders

Cover, et al. Milad (2014) Transl. Psychiatry











Speciality title name xxxx

The COVID-19 pandemic has had a large and 
uneven impact on global mental health

Anxiety disordersMajor depressive disorder

Female Male

Younger people were hardest hit

Additional cases due to COVID-19, by gender

Increases were higher among females than males

Additional prevalence due to COVID-19, by age
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Read the full paper: Santomauro DF, Mantilla Herrera AM, Shadid J, et al. Global prevalence and burden of depressive and anxiety 
disorders in 204 countries and territories in 2020 due to the COVID-19 pandemic. The Lancet 2021. Published online October 8.

53·2m
Total

76·2m
Total

Anxiety disordersMajor depressive disorder

Cases of mental disorders 
rose sharply during the pandemic

Anxiety disorders
Major depressive disorder

Cases in 2020

Baseline cases

Additional cases 
due to COVID-19

53·2m

193m

298m

76·2m



Examples of factors that 
could be investigated



adapted from F. Mauvais-Jarvis, A. P. Arnold, K. Reue, Cell Metab 2017



Gonadal Hormone effects 



Neurosteroid’s effects







Seney et al Biol. Psychiatry 2018 Danielle M. Gerhard and Ronald S. Duman, Biol. Psychiatry Commentary, 2018 





What about sex and gender in treatment?



https://www.preclinicaldataforum.org/addressing-sex-as-a-biological-variable-training/











Different dosing 
in men and 
women? The 
example of 
zolpidem



Towards a sex-specific 
Pharmacology

”In 1993, a new guideline was issued 
that reversed the 1977 policy of 
exclusion of women of childbearing 
potential from early trials. The 
guideline, Study and Evaluation of 
Gender Differences in the Clinical 
Evaluation of Drugs, recommended 
collection and analysis of data on sex 
differences for effectiveness, adverse 
events, and pharmacokinetics.”



Over !

Sex Mismatch between preclinical/P-1 (males) vs PII/II (females)Steinberg et al, JAMA Open, 2021

Female Representation in Clinical Trials

Are women under-represented ?

If not, what is the problem?











Are sex differences 
important for drug 
discovery?

Would studying both 
male and female 
animals help with 
better translation and 
how can this be 
achieved?



Improvement of preclinical 
neuroscience and drug 
discovery: 

European College of 
Neuropsychopharmacology 
Preclinical data Network









Approaching Sex 
Differences In 
Preclinical Research

McCarthy et al, J Neurosci 2012 



Types of sex differences

Bangasser and Wicks, 2016, J. of Neuro. Rsh.



Sex 
differences



Garcia-Sifuentes & Maney, eLife 2021

147 articles, published in 2019, that were determined by Woitowich et al., 2020, to have (1) included
both males and females and (2) reported data by sex (disaggregated or with sex included in the
statistical model). More than one-third of the studies were on humans (35%) and a similarly large
proportion on rats or mice (31%).



Sex differences 
in models of 
depression and 
anxiety





Is antidepressant response affected by estrous 
cycle?

19 h

SSRI antidepressant 
Treatment

(3 inj. Sertraline i.p.)
FST

Pretest
FST
Test

4h 1h

Adult male & female 
Wistar rats

Vaginal 
Smears

10mg/kg or 40 mg/kg or Vehicle

Diestrus I & II Pro-Estrous Estrous

Behavioral manual 
scoring: 

Immobility
Swimming
Climbing



Kinoscope:
an open-source program for behavioral scoring 

For manual scoring and analysis 

Open Source

Sourceforge.net/projects/kinoscope

Behavioral Maps

Kokras N, Baltas D,.. and  Dalla C, Frontiers in Behavioral Neuroscience, 2017

Males Females



Swimming, which is indicative of 
serotonergic activity in the brain, is 

enhanced in both sexes by sertraline 

Kokras N. …and Dalla C., Neuropharmacology, 2015

Females show more immobility than 
males at baseline 

Females respond to a lower SSRI 
(sertraline) dose than males



? ?

Kokras N…. and Dalla C., Neuropharmacology, 2015

Immobility duration

Τhe antidepressant effect is less evident in 
proestrous and estrous phases of the female 

cycle



What are we learning from our 
experimental research?

vSex Differences in Phenotype: 
Validation of models in both sexes

vMagnitude of antidepressant 
response as a function of baseline

vTrue sex differences in drug 
response, independent of baseline

Effects of Estrous Cycle



All, animal models of depression simulate or induce a dysfunctional 
HPA axis and drugs are tested in this altered HPA axis milieu 

Preclinical Development of candidate antidepressants takes place 
using male only experimental animals

Kokras N., ..and Dalla C., British Journal of  Pharmacology, 2019



Kokras N., ..and Dalla C., British Journal of  Pharmacology, 2019



Improving
drug development programs & clinical trials

Kokras N., ..and Dalla C., British Journal of  Pharmacology, 2019



Commonly Applied Statistics Mask Sex Differences in search for the 
“true” intervention effect

… adjusted for 
sex (age, etc)

… after 
controlling for 
sex (age, etc)

still searching for silver bullets ...



Tannenbaum et al, Nature 2019

What should happen ideally,
if there are no sex differences



What may be happening without our knowledge:
possible scenarios

Tannenbaum et al, Nature 2019



Tannenbaum et al, Nature 2019

Assessing potential sex 
differences:
an algorithm

Biggest drawback is statistical 
power

• Assuming equal ratio of males:females, 
some comparisons have half the original 
power

• If one sex is over-represented, power may 
be less !

• Report minimum effect for 80% power 
(sensitivity power analysis)





https://doi.org/10.1038/s41587-021-00844-4 

Christina Dalla of the National and 
Kapodistrian University of Athens points 
out that many of these drugs were 
researched in male mice, then tested in 
women during clinical trials. “There was a 
huge mismatch between the sexes of the 
animals and the humans, and all these 
compounds failed,” she adds. 
Dalla suggests that the model of 
depression studied in male animals may 
induce a dysregulation of the HPA axis
that doesn’t occur in females. 



Bangasser and Milad respectively showed how 
responses to stress and fear also vary between 
male and female mice.

«Dalla proposes that changes across the clinical 
process are needed. She outlines an approach 
that would involve studying both male and 
female animals in pre-clinical studies. If sex 
differences are identified, the clinical research 
stage should reflect this by separating 
participants by sex and studying drugs’ effects 
on the groups independently. If no differences 
are seen, mixed-sex trial groups would be 
suitable.»

“Even if, as scientists, we hope we are very good 
at what we are doing, still we might have some 
ideas or some theories that could influence our 
results or our experimental designs.”





Recommendations?

Study

Study sex differences in 
the neurobiology of 
neuropsychiatric diseases 
and their treatment. 
Make PK/PD data on 
both sexes available. 

Consider

Consider sex-specific 
dosing of drugs in 
preclinical/clinical studies 
with the aim to reduce 
ADRs. 

Include

Include a gender-specific 
analysis in clinical trials, 
when needed. Take 
reproductive status 
and/or contraceptive use 
under consideration. 

Create

Create a strategy, policy, 
guideline about sex 
difference on a 
regulatory, funding, 
editorial level. 

Bring

Bring awareness and 
educate researchers, 
academics, industry, 
clinicians etc. 
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