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Al is everywhere
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Al reflects our own biases
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“Garbage in, garbage out”

How the data has been What is the model How will the output be
generated, collected, actually learning? used in the real-world?
processed?
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What is a bias?

A BIAS is a systematic error made by a human (cognitive bias) or
a machine (algorithmic bias)

that leads to a disadvantage for an individual or a group of people
identified by personal attributes (sex, gender, age, ethnicity, etc.)



Al act as a double-edge sword

Al can reduce inequalities by
integrating sex and gender differences

Al can magnify inequalities by integrating
sex and gender biases



Sex vs Gender
Gender i m Sex is
® efined | biological |
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Gender is
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MACHINE TRANSLATION

Before After
= Google Translate -@: = Google Translate
TURKISH - ENGLISH TURKISH -

0 bir doktor X 0 bir doktor
U o)
U M

he is a doctor @

she is a doctor (feminine)

he is a doctor (mascuiine)

source: https://blog.google

AUTOMOBILE ENGINEERING

source: www.ilmessaggero.it

Translations are gender-specific. LEARN MORE

DISEASE DIAGNOSIS
fa .-

WOMEN
Foce drocping (D) @ @ Foce drooping
Arm weakness (\’3 @ Arm weakness

Speoch difficulty TSL‘) ﬁ Spooch difficulty

vision problams &

Trouble wolking
orlack of ’a’
coordination =l

& Vision prodiams

Trouble walking
'ﬁ‘ or lack of

coordination

Sovore hoadache
withouta m

known causs
General weakness ﬁ
Disorientation &
confusion or F$
memary problems
Fatigue | )

Nausea or Q
vomiting 1 %

| Sevoro headache
e

source: www.heart.org

ROBOTICS

4

source: https://www.racked.com

IMAGE GENERATION

source: https://theconversation.com

CURRICULUM SELECTION

GLOBAL HEADCOUNT
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The importance of intersectionality

Gender Darker Darker Lighter Lighter Largest

Classifier Male Female Male Female Gap

=' Microsoft 94.0% 79.2% 100% 98.3% 20.8%

:. .: FACE** 99.3% 65.5% 99.2% 94.0% 33.8%
——— ] N

isms 88.0% 99.7% 92.9% 34.4%

T === I B

MIT Media Lab researcher
Joy Buolamwini
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Representation bias in Genomics
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Deployment bias and the digital divide

How less likely a woman is to own

o
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Open-source toolkit for bias detection and mitigation

Al Fairness 360 - Demo

e—e 0O

Data  Check Mitigate Compare

3. Choose bias mitigation algorithm
Avariety of algorithms can be used to mitigate bias. The choice of which to use depends on whether you want to fix the data (pre-process), the classifier
(in-process), or the predictions (post-process). Learn more about how to choose.

(O Reweighing
Weights the examples in each (group, label) combination differently to ensure fairness before classification.

b k=

Data Classifier Predictions

() Optimized Pre-Processing
Learns a probabilistic transformation that can modify the features and the labels in the training data.

& « =

Data Classifier Predictions

() Adversarial Debiasing
Learns a classifier that maximizes prediction accuracy and simultaneously reduces an adversary's ability to determine the protected attribute from the
predictions. This approach leads to a fair classifier as the predictions cannot carry any group discrimination information that the adversary can exploit.

Data Classifier Predictions

(O Reject Option Based Classification
Changes predictions from a classifier to make them fairer. Provides favorable outcomes to unprivileged groups and unfavorable outcomes to privileged
groups in a confidence band around the decision boundary with the highest uncertainty.

s ik B

Data Classifier Predictions

https://aif360.mybluemix.net

Protected Attribute: Sex
Privileged Group: Female, Unprivileged Group: Male

@
*Statistical Parity *Equal Opportunity
Difference Difference
W original M original
M mitigated M mitigated
. . 0] (0]
Average Odds Disparate Impact Theil Index
Difference
06
04
N 2 025
0 Fair
W original W original M original
B mitigated B mitigated B mitigated
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Six ways forward

5

4
m T

Be aware of Establish Engage in Fully explore Invest more in bias
contexts in processes and fact-based how humans research, make
which Al can practices to conversations and machines more data available
help correct for test for and about can best work for research

bias and those mitigate bias potential together (while respecting
in which thereis in Al systems  biases in privacy), and adopt
high risk for Al to human a multidisciplinary
exacerbate bias decisions approach

source: https://www.mckinsey.com/featured-insights/artificial-intelligence/tackling-bias-in-artificial-intelligence-and-in-humans

6

Invest more in
diversifying
the Al field
itself
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BSC and WBF unite to address Sex and Gender Bias in Al
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BSC and WBF unite to address Sex and Gender Bias in Al

npj | Digital Medicine o

REVIEW ARTICLE ~ OPEN ) Ghecktorupatates |
Sex and gender differences and biases in artificial intelligence

for biomedicine and healthcare

Davide Cirillo®"'°™, Silvina Catuara-Solarz’*'°, Czuee Morey®”, Emre Guney(’, Laia Subirats (3*’, Simona Mellino?,
Annalisa Gigante®, Alfonso Valencia'®, Maria José Rementeria’, Antonella Santuccione Chadha® and Nikolaos Mavridis™®

Precision Medicine implies a deep understanding of inter-individual differences in health and disease that are due to genetic and
environmental factors. To acquire such understanding there is a need for the implementation of different types of technologies
based on artificial intelligence (Al) that enable the identification of biomedically relevant patterns, facilitating progress towards
individually tailored preventative and therapeutic interventions. Despite the significant scientific advances achieved so far, most of
the currently used biomedical Al technologies do not account for bias detection. Furthermore, the design of the majority of
algorithms ignore the sex and gender dimension and its contribution to health and disease differences among individuals. Failure
in accounting for these differences will generate sub-optimal results and produce mistakes as well as discriminatory outcomes. In
this review we examine the current sex and gender gaps in a subset of biomedical technologies used in relation to Precision
Medicine. In addition, we provide recommendations to optimize their utilization to improve the global health and disease
landscape and decrease inequalities.

npj Digital Medicine (2020)3:81 ; https://doi.org/10.1038/541746-020-0288-5

Big Data Analytics

Digital medicine

_J
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BSC and WBF unite to address Sex and Gender Bias in Al

Sex and Gender Bias
in Technology
and Artificial Intelligence

Edited by
Davide Cirillo, Silvina Catuara-Solarz and Emre Guney

ISBN: 9780128213926

ELSEVIER

“It's a must read for anyone working in this area; the materials
presented here should be integrated into medical school curricula.

7

Londa Schiebinger

John L. Hinds Professor of History of Science, Stanford University
Founding director, Gendered Innovations in Science, Health & Medicine, Engineering, and Environment
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BSC and WBF unite to address Sex and Gender Bias in Al

EPMA Journal (2022) 13:299-313
https://doi.org/10.1007/513167-022-00284-3

}' frontiers | Frontiers in Global Women's Health

RESEARCH

Digital biomarkers and sex impacts in Alzheimer’s disease

management — potential utility for innovative 3P medicine approach

Robbert L. Harms' - Alberto Ferrari’( - Irene B. Meier’ - Julie Martinkova®* - Enrico Santus®® - Nicola Marino®® -
Davide Cirillo®” - Simona Mellino? - Silvina Catuara Solarz? - loannis Tarnanas'# - Cassandra Szoeke®® -

) Chveck for updates

OPEN ACCESS

EDITED BY

Sanne Peters,

Imperial College London, United Kingdom

and health

Jakub Hort*'?- Alfonso Valencia”'" - Maria Teresa Ferretti’ - Azizi Seixas'? - Antonella Santuccione Chadha?

Recelved: 15 February 2022 / Accepted: 10 May 2022 / Published online: 6 June 2022
©The Author(s) 2022

npj | digital medicine

Explore content v About the journal ¥ Publish with us v

nature > npj digital medicine > articles > article

Article Published: 14 January 2021

Simulating SARS-CoV-2 epidemics by region-specific
variables and modeling contact tracing app
containment

Open access

Alberto fer{alig, Enrico Santus, Davide Cirillo, Miguel Ponce-de-Leon, Nicola Marino, Maria Teresa

Ferretti, Antonella Santuccione Chadha, Nikolaos Mavridis & Alfonso Valencia

npj Digital Medicine 4, Article number: 9 (2021) | Cite this article

4145 Accesses | 18 Citations | 26 Altmetric | Metrics

REVIEWID BY
Carinna Hockham,
imperial College London, United Kingdom

2 DIGITAL
ACM@LIBRARY

WEBSCI v

Abortion and Miscarriage on Twitter: Sentiment

and Polarity Analysis from a gendered perspective uthors

Authors: Olivier Philippe, Maria Flores Rodero,

Claire Yohalem Furtick, Laura Planas Simon,

Maria Teresa Ferretti, Antonella Santuccione Chadha,

Laia Subirats Maté, Davide Cirillo, Maria José Rementeria

(Less) Authors Info & Claims

WEBSCI '24: Proceedings of the 16th ACM Web Science Conference  May
2024 o Pages 311-319 e https://doi.org/10.1145/3614419.3644010

September 2023

Brief Research Report
06 Sep!
10.3389/1gwh.2023.970512

Raising awareness of sex and
gender bias in artificial intelligence

Nataly Buslén™, Atia Cortés’, Silvina Catuara-Solarz’,
Davide Cirillo' and Maria José Rementeria™

Artificial Intelligence-Aided Precision Medicine for
COVID-19: Strategic Areas of Research and
Development

); Emmanuele Chersoni®
; Alfonso Valencia® 7

Enrico Santus’- 2 @; Nicola Marino® 2 &; Davide Cirillo® 4
Arnau Montagud? ©; Antonella Santuccione Chadha? ©
Kevin Ilughcs5 ): Charlotta Lindvall® 19

Cited by (22) Tweetations (36) Metrics

Abstract

Artificial intelligence (Al) technologies can play a key role in preventing, detecting, and monitoring
epidemics. In this paper, we provide an overview of the recently published literature on the COVID-19
pandemic in four strategic areas: (1) triage, diagnosis, and risk prediction; (2) drug repurposing and
development; (3) pharmacogenomics and vaccines; and (4) mining of the medical literature. We
highlight how Al-powered health care can enable public health systems to efficiently handle future
outbreaks and improve patient outcomes.

J Med Internet Res 2021;23(3):e22453

doi:10.2196/22453
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The way AHEAD

HUMAN INTERACTION

INDICATORS

Accessibility
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Efficiency &
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Reproducibility
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Resource
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Data security
& privacy

TECHNICAL INDICATORS

Integration
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Environmental
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Impact on
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Data production and bias propagation

refeo -4

Pre-Clinical Clinical New Drug Market Side effects



Example: Pain Mechanism

Male Female

Peripheral
neuron

Injury

Males lacking testosterone switch to
the pain response seen in females.
Females that lack T cells, or that are
pregnant, switch to the pathway
observed in males.

\

‘ ’ Spinal *

cord

Microglia " cell
To brain !
o 1 A o
7 7

>-<
J\

N
'U/‘
<:_>

Sorge et al. Nature Neuroscience (2015)

Different immune cells—microglia in malesand T
cells in females—mediate mechanical pain
hypersensitivity in mice.

Deletion of the gene Argl in microglia reduced
mechanical pain hypersensitivity in females but
not males, indicating a crucial role for ARG1+
microglia in female pain processing.

These results reveal significant sex differences in
immune mechanisms involved in pain processing,
emphasizing the need to include sex as a
biological variable in pain studies, with
implications for understanding sex-specific chronic

pain conditions.
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Clinical trials participation by therapeutic area

Trials for New Molecular Entities (NMEs) approved in 2015-2016
source: FDA & Office of Women's Health (OWH)
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Table 3. Prescription drugs withdrawn from the US market (1997-2000).

Drug

Prescription drugs with evidence of greater health risks in women

Type of drug

Patient population

Primary health risk

Pondimin®
Redux®
Rezulin®
Lotronex®
Seldane®
Posicor®

Hismanal®

Propulsid®

Appetite suppressant
Appetite suppressant
Diabetic
Gastrointestinal
Antihistamine
Cardiovascular

Antihistamine

Gastrointestinal

Women
Women
Women
Women
Women and men

Women and men

Women and men

Women and men

Valvular heart disease
Valvular heart disease
Liver failure

Ischemic colitis
Torsades de Pointes

Lowered heart rate in elderly women and adverse
interactions with 26 other drugs

Torsades de Pointes

Torsades de Pointes

Prescription drugs without evidence of greater health risks in women

Raxar®

Duract®

Parekh et al. Expert Rev. Clin. Pharmacol. (2011)

Antibiotic

Analgesic and anesthetic

Women and men

Women and men

Torsades de Pointes

Liver failure
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General recommendations for experimental design

Q Proestrus Metaestrus

o &' Dominant Subordinate

___ Testosteror

No clear sex
difference: continue
L with 50/50 cohorts

Experimentl | 4

@ Potential sex | :. |
Experiment2 [ ™ difference: consider | [ 4 ' | s
N increasing numbers | [ .
' of both sexes ¢ [

: : RESEARCH INSTITUTE
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Interaction between sex, gender and environmental conditions

Sex and Lab Environment Interact
Caging

Individual or group? Size?
Complex environment vs. no enrichment?

ﬁ Microbially sterile?

=== Diet

Social Dynamics

Sex-segregated or male/female mix?
Number and mix of animals in lab?

genes

hormones

J o’) estrous cycle
- ] age/reproductive phase

49/%”;—‘
g ¥

Researcher/Staff
Sex of researcher/staff?
Research/staff handling of Room
male/female animals? Temperature?
Sound?
Lighting (circadian)?
Odor?

http://genderedinnovations.stanford.edu/case-studies/

Experimenters can be a confounding
variable in rodent research where
stress is an important factor.

Environmental processes, such as
caging practices or differential
handling, may affect females and
males differently.

Researchers should not identify an
effect as dependent on sex (or a
biological trait) when, in fact, it is
dependent on an environmental

..
condition.
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The case studies of Gendered Innovations

Gendered || 5% icie

Engineering, and

.
I n rIOVBtIOI'IS Environment
| Home | Contributors | Links | Translations | ContactUs

What is Gendered
Innovations?

| SEX & GENDER ANALYSIS |

General Methods

Animal Research: Designing

Specific Methods

Terms

Checklists o xd " '

ABSTRACT

The Challenge

Most basic research with animal models focuses on males and excludes females (Zucker et al., 2010; Marts et al., 2004). This creates

. Health & Biomedical Research

Science

Health & Medicine

Engineering three problems:

Environment 1. Less knowledge about disease processes in females due to underutilization of female animals. Results of studies in males
are often generalized to females without justification, and even some conditions that occur more often in women are studied in
—mmbles e mmimala A e milate b cbiia e M Al L i e bl el e d e e A B il

PRECISION MEDICINE
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Real world patterns of health Discriminatory

inequality and discrimination data
Unequal access Discriminatory Biased clinical Sampling biases and Patterns of bias and
and resource healthcare decision World — Data lack of representative  discrimination baked
allocation processes making I datasets into data distributions
Application U Desien Biased Al design and
injustices € w=— Desig deployment practices
i Or  uib 4
n==z ol A i He % %
Disregarding Exacerbating global Hazardous and Powerimbalances in Biased and exclusionary Biased deployment,
and deepening health inequality and discriminatory repurposing agenda setting and design, model building explanation and system
digital divides rich-poor treatment gaps of biased Al systems problem formulation and testing practices monitoring practices

BMJ 2021;372:n304
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Main takeaways

e Artificial Intelligence is pervasive in our society, increasingly so in the health domain
e Abias is a systematic error that leads to a disadvantage for an individual or a group of people.

e Sex and gender bias in is particularly prominent in Al applications for health and it can emerge at all stages of
the Al life cycle.

e Solutions to combat Al bias include
o Implement processes to identify and reduce bias in Al systems with tools, strategies, and transparency.

o Support Al bias research, enable privacy-respecting data access, and apply a multidisciplinary
approach.

o Promote diversity in Al to better address and prevent bias.
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Disclaimer

This document contains confidential and/or proprietary information of Women's Brain Project Association. This
document and any information contained herein must not be used, shared, distributed, copied, in full or in part,
without prior written consent from Women's Brain Project Association.

Thank youl!

S2

RESEARCH INSTITUTE
FOR SEX AND GENDER
PRECISION MEDICINE



