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Gender and sex differences in ML 
- Machine learning (ML) (predictions by learning from data) is
revealing a powerful emerging technology with well-documented
results in improving screening, diagnosis and therapy and in defining
biomarker signatures in several precision medicine applications,

- also where sex and gender differences has been reported

e.g. diabetes, cardiovascular, neurological, oncological diseases, and in
immunology
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ML bias
- ML bias is a systematic error that occur in the ML model itself due

to incorrect assumption in the ML process.

- ML depends on the quality, objectivity and size of training data.
Faulty, poor or incomplete data will result in inaccurate predictions,
reflecting the garbage in – garbage out admonishment used in
computer science to convey the concept that the quality of the
output is determined by the quality of the input.
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Sources of ML bias

1. Data sample being fed to
the ML model during training

2. Design choices for the ML
model

3. People who develop the
ML model
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Sample bias
- A problem with the data used to train the ML model. 

- Data used is either not large enough or representative enough to 
train the system. 
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ML: the case of image recognition systems (convolutional neural networks, CNNs)
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A convolutional neural network (CNN) trained 
on two large chest radiography datasets 
accurately predicted sex with similar 
localizations (heatmap) across different 
architectures and datasets. 
These DCNNs can be beneficial to emergency 
radiologists for forensic evaluations. 
On the other hand, these findings support the 
notion that CNNs can potentially confound the 
accurate prediction of disease and contribute 
to biased models. 
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- In general, it is well known that image recognition systems 
(convolutional neural networks, CNNs) tend to learn representations 
useful to solve the task they are being trained for. 
- When we go from male to female images (or vice versa), structural 
changes in the images appear, leading to a change in data distribution 
which may be associated to a decrease in predictive performance. 
- Algorithmic solutions to such “domain adaptation” should be 
engineered, especially in cases when it is difficult to obtain gender-
balanced datasets 

Sex/gender bias in CNNs
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ML desirable and undesirable bias 
- if desirable bias may be accepted by including in ML modelling sex

or gender features to highlight sex/gender-based differences in
predictions.

- undesirable biases should be avoided as those derived from
training ML models on datasets with under-representation of
sex/gender minority groups.
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- It is important to warrant that ML systems do not generate or
widen sex- and gender-based disparities in access to healthcare
(group equity)

- It is however important that ML systems model sex and gender
differences when differences exists, e.g. in risk factors of disease
developing or progressing (individual equity)
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- Otherwise, if there are intrinsic differences in the population, such
as sex or gender differences in disease prevalence, ML models that
well suit to the majority group may not be generalized for minority
ones.

- Sex and gender differences should be taken into consideration in
ML algorithms in those clinical applications where there are
important differences in the epidemiology and clinical
presentation of conditions.
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A decrease in performance for under-represented genders was found 
when a minimum balance is not fulfilled. 
Computer-assisted diagnosis systems should include explicit gender 
balance and diversity recommendations.
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Fairness
Fairness in ML implies the application of strategies for preventing or 
correcting bias in automated decision processes based on ML 
predictive models. 
Decisions made by a model after a ML process may be considered 
unfair if they are based on data features considered sensitive. 

Examples of these kinds of variable include sex and gender. 
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Criteria of fairness
A recent explosion of research has investigated different criteria of 
fairness and how to ensure that they are satisfied by predictive 
algorithms. 
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ML statistical fairness metrics
Statistical Parity (predictive parity): 
The (expected) percentage of individuals 
predicted to be positive by ML model is 
the same for each relevant group.
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Kleinberg et al., 2016; Chouldechova, 2017; Miconi, 2017

The statistical fairness metrics are provably inconsistent except under 
very specific conditions that are in practice unattainable.

The goal of complete sex/gender neutrality is unachievable.

At best, we can make optimal trade-offs between different kinds of 
unfairness.
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Importantly, the criteria of fairness and the impossibility theorems 
apply to all predictions, whether generated by machine learning, 
questionnaires, human judgment, or any other mechanism.
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The paradox
Suppose that, for women and men patients, the prevalence of the 
condition differs between their respective groups. 

Then suppose that the model satisfies predictive parity for women 
and men patients. 

The problem is that under these conditions, either the algorithm’s 
predictions are perfect, or the false positive and false negative rates 
differ for women and men patients. This is a straightforward 
consequence of the differing base rates across both populations. 
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The problem is that under these 
conditions, either the algorithm’s 
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An example: breast cancer
Although breast cancer is much more common in women, men can 
develop breast cancer.

In the United States, less than 1% of all breast cancers occur in men.
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ML trade-offs
When selecting an appropriate statistical fairness metric, ML 
developers will need to balance different trade-offs.
Is it more important to focus on false positive or false negative 
diagnoses in clinical environments?

Biddle, 2020
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Algorithmic Fairness and Final Fair Decisions

Unfair algorithmic decision-making relative to certain statistical 
criteria does not imply unfair final decision-making. 

Biases exhibited by ML algorithms can be identified and corrected for 
in the human part of the decision-making process.

ML fairness and final fair decision
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This study examines how the interplay of a clinician and an algorithm, 
that overfit (performs worse) for disadvantaged patient groups, might 
result into fair final decisions for all the patients.

Useful for ML as decision support systems, that are the most frequent 
applications in medicine.

ML fairness and final fair decision
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- Algorithms trained on diverse datasets that perform better for some 
groups can be permitted under specific conditions.
- The balanced properties of algorithmic decisions is not the most 
important factor in the decision.
- Whilst such algorithmic decisions may be unfair, the fairness of 
algorithmic decisions is not the appropriate locus of moral evaluation. 
- What matters is the fairness of final decisions, such as diagnoses, 
resulting from collaboration between clinicians and algorithms. 
- Affirmative algorithms can permissibly be deployed provided the 
resultant final decisions are fair. 

Affirmative ML
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Alternative forms of collaboration between ML algorithms and 
clinicians can promote fairness in healthcare, even if the ML algorithm 
is biased.

Collaborative ML
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1. The peer model
ML algorithms and clinicians offer competing predictions about (for 
example) the correct diagnosis or the best treatment 
recommendation.
The salient feature of this approach is that clinicians and algorithms 
address the same clinical task, and their solutions to that task is 
balanced.

ML model is a peer!

Gender imbalance 
in medical imaging datasets 
for Artificial Intelligence

Prof. Christian Salvatore
IUSS Pavia

CEO and Co-Founder at DeepTrace 
Technologies



2. The triage model
The idea is that an algorithm’s prediction may be causally upstream of 
the clinician’s judgement such that the clinician’s judgement is 
enhanced in virtue of the clinician’s knowledge of the prediction.

ML as an instructor!
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The division of the labour
What motivates the division of labour is the observation that there is 
an opportunity-cost to clinicians performing any clinical task

The benefit of this model of clinician-algorithm collaboration is that, 
in specific cases, the algorithm alleviates the burden on clinicians 
given that expert clinicians in the relevant domain are scarce.

In specific cases, in which the confidence of the clinician falls below a 
pre-defined threshold and in which the algorithm has high 
confidence, the clinician defers to the algorithm.
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3. Hybrid ML 
A way to accommodate bias preservation might be by assigning a 
hybrid role to the algorithm, in which it acts both as a peer and an 
instructor.

In specific cases, in which the confidence of the clinician falls below a 
pre-defined threshold and in which the algorithm has high 
confidence, the clinician defers to the algorithm.

In specific cases, in which the confidence of the clinician falls over a 
pre-defined threshold and in which the algorithm has less confidence, 
the clinician does not defer to the algorithm.
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It is however recommended:
- supplementing ML algorithm with an explainable result to clinician 
(e.g. heatmap, morphological and texture predictors)
- additional safeguards need to be implemented. In particular, 
clinicians might be required to diagnose a fraction of male patients 
themselves (even if they are less confident than the algorithm), while 
receiving further supervision.
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Conclusions
- Not enough large or representative dataset to train a ML system 

can be a source of ML bias.
- Undesirable biases should be avoided as those derived from 

training ML models on datasets with under-representation of 
sex/gender minority groups, since they could affect the confidence 
of ML in these groups.

- However, the goal of complete sex/gender neutrality could be 
unachievable. At best, we could make optimal trade-offs between 
different kinds of unfairness.
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- Overemphasis on the evaluative properties of ML algorithmic 
decisions is likely to hinder efforts to rectify injustices.
- The processes by which ML algorithms and clinicians jointly 
contribute to final decisions is a possible solution and could be 
defined to determine exactly how algorithms can be designed and 
deployed in a way that the final collaborative decision promotes 
equity in health outcomes.
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