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Focus of Today’s Presentation

01 Introduction to prediction and risk 
modelling in public health

02 Statistics versus machine learning 
for prediction 

03 Building & evaluating a machine 
learning prediction model

04 Responsible use of prediction in 
public health
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1. Introduction to Prediction and Risk Modelling
What are we trying to predict, and why does it matter?
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Types of epidemiology questions

DESCRIPTIVE

What does the population 
with diabetes look like? 

Ex. What is the prevalence of 
diabetes in our community?

PREDICTION

Who is likely to 
experience the outcome?

Ex. What is the 10-year risk of 
type 2 diabetes?

CAUSATION

What would happen if we 
intervene?

Ex. Would changing the food 
environment reduce diabetes 
incidence?

Descriptive, prediction, and causation ask different questions
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Types of epidemiology questions - 2

DESCRIPTIVE

What does the population 
with diabetes look like? 

Ex. What is the prevalence of 
diabetes in our community?

PREDICTION

Who is likely to 
experience the outcome?

Ex. What is the 10-year risk of 
type 2 diabetes?

CAUSATION

What would happen if we 
intervene?

Ex. Would changing the food 
environment reduce diabetes 
incidence?

Descriptive, prediction, and causation ask different questions; today we are focusing on prediction
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What public health questions can prediction models answer? 

Individual-level risk prediction

• Who might develop disease?

• Who could be offered prevention?

• How does risk vary across groups?

Population-level forecasting

• How many cases might occur?

• Where could service demand rise?

• How should capacity be planned?
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Example: Diabetes Population Risk Tool (DPoRT)
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Prediction modelling can operate at different levels, answering different public health questions.

Le ve l Exa m p le  p re d ic t io n Pu b lic  h e a lt h  a p p lic a t io n

In d iv id u a l Wh o  is  like ly to  d e ve lo p  d ia b e te s  in  th e  n e xt 10 -
ye a rs ? Ta rg e te d  p re ve n tio n

Po p u la t io n  
s u b g ro u p

Wh ic h  g ro u p s  h a ve  th e  h ig h e s t p re d ic te d  b u rd e n  
o f d ia b e te s  b u rd e n ? Id e n tifyin g  p rio rity p o p u la tio n s

Ge o g ra p h ic Wh ic h  c o m m u n itie s  a re  e xp e c te d  to  e xp e rie n c e  
g re a te r b u rd e n  o f d ia b e te s ? Ge o g ra p h ic  re s o u rc e  a llo c a tio n

Te m p o ra l Ho w will th e  fu tu re  b u rd e n  o f d ia g n o s e s , o r 
c o m p lic a tio n s  c h a n g e  a c ro s s  th e  n e xt 20 - ye a rs ?

Su rve illa n c e  a n d  c a p a c ity 
p la n n in g

Exa m p le  fro m  La u ra  Ro s e lla 's  wo rk: Th e  Dia b e te s  Po p u la tio n  Ris k To o l (DPo RT)  e s tim a te s  fu tu re  typ e  2 d ia b e te s  ris k u s in g  
p o p u la tio n  s u rve y in fo rm a tio n . In d ivid u a l ris k e s tim a te s  c a n  b e  a g g re g a te d  to  c h a ra c te rize  p o p u la tio n  ris k a n d  in fo rm  
p re ve n tio n  p la n n in g .

Ro s e lla  e t a l. J  Ep id e m io l Co m m u n ity He a lth . 
20 11 d o i: 10 .1136 / je c h .20 09 .10 224 4 . 
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2. Statistical and Machine Learning Models
Does a more complex algorithm improve the decision?
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Machine Learning is an approach within AI 

2026-10-29   | 10Image source: https://www.automation.com/en-us/articles/august-2022/ai-machine-learning-human-intelligent-systems
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Modelling approaches: complexity is a choice, not a goal
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Tra d it io n a l m o d e ls
Ex. Lo g is t ic , Po is s o n , Co x Re g re s s io n  

Ma c h in e  le a rn in g
Ex. Ra n d o m  fo re s t s , XGBo o s t , n e u ra l n e t w o rks

Mo d e l s p e c ific a t io n  Re la tio n s h ip s  b e twe e n  p re d ic to rs  a n d  
o u tc o m e s  a re  e xp lic it ly  s p e c ifie d .

 Re la tio n s h ip s  a re  le a rn e d  m o re  fle xib ly  fro m  
th e  d a ta .

No n lin e a rit y  a n d  
in t e ra c t io n s

 Typ ic a lly re q u ire  e xp lic it  s p e c ific a t io n  
( e .g ., s p lin e s , in te ra c tio n  te rm s ) .

 Ca n  c a p tu re  c o m p le x p a tte rn s  with o u t e xp lic it ly 
s p e c ifyin g  e a c h  re la tio n s h ip .

In t e rp re t a b ilit y  Co e ffic ie n ts  o fte n  h a ve  fa m ilia r s ta tis t ic a l 
in te rp re ta tio n s .

 Ofte n  re q u ire s  a d d itio n a l m e th o d s  to  e xp la in  
p re d ic tio n s .

Co m p le xity  Ofte n  fe we r tu n in g  re q u ire m e n ts  a n d  
lo we r c o m p u ta tio n a l d e m a n d s .

 Typ ic a lly m o re  h yp e rp a ra m e te r tu n in g  a n d  
c o m p u ta tio n a l d e m a n d s .
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“Machine Learning” does not refer  to one model 
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Different ML approaches can be used for risk prediction

Penalized regression
LASSO, ridge, elastic net
Useful when there are many predictors;
shrinks or selects variables.

Tree-based methods
Decision trees, random forests
Capture interactions and nonlinearities;
often robust and flexible.

Boosting methods
XGBoost, LightGBM, CatBoost
Sequentially improve prediction; often
strong performance on tabular health data.

Support vector machines
Can classify complex patterns using
different kernels.

Neural networks / deep learning
Learn highly complex relationships; often
require larger datasets and more tuning.

Survival machine learning
Random survival forests, DeepSurv
Useful when predicting time-to-event risk.

The appropriate method depends on the prediction task, the data, and 
the need for interpretability.
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Example: Population Diabetes Risk Prediction

Ra va u t, e t a l. M.,. n p j Dig it. Me d . 4 , 24  ( 2021) . 
h ttp s :/ / d o i.o rg / 10 .1038 / s 41746- 021- 00394- 8

DPORT- ML Pa p e r
 DPo RT — Dia b e t e s  Po p u la t io n  Ris k  To o l

• Po p u la tio n - b a s e d  a lg o rith m  e s tim a tin g  10 - ye a r ris k 
o f d e ve lo p in g  typ e  2 d ia b e te s .

• Us e s  a  tra d it io n a l re g re s s io n - b a s e d  a p p ro a c h  with  
ro u tin e ly c o lle c te d  ris k fa c to rs .

DPo RT- ML — Ma c h in e - Le a rn in g  Ap p ro a c h
• Exte n d s  p o p u la tio n - le ve l d ia b e te s  ris k p re d ic tio n  

u s in g  m a c h in e  le a rn in g .
• Exp lo re s  m o re  fle xib le  re la tio n s h ip s , in c lu d in g  

n o n lin e a rit ie s  a n d  in te ra c tio n s  a m o n g  p re d ic to rs .
• Illu s tra te s  o p p o rtu n itie s  to  in c o rp o ra te  ric h e r, m o re  

c o m p le x h e a lth  d a ta .

Th e  ke y  d iffe re n c e : ML c a n  c a p tu re  m o re  c o m p le x 
re la tio n s h ip s  in  th e  d a ta , b u t g re a te r c o m p le xity 

d o e s  n o t n e c e s sa rily m e a n  b e tte r p re d ic tio n .
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3. Building & Evaluating a Prediction Machine 
Learning Model
How do we move from data to trustworthy risk estimates?

2026-10-29   | 14AI for  Prediction and Risk Modelling   |  AI4PH   |   PHAC  
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A prediction modelling workflow

Specify use 
case

→ Build cohort → Choose 
predictors

→ Split & train → Validate → Evaluate 
action

• Predictors must be available when the prediction is made

• Separate training from temporal/geographic external validation

• Prevent leakage, assess missingness and provenance, and preserve the target population

2026-10-29   | 15

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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What makes ML model training unique? 

2026-10-29   | 16

Model Hyperparameters

So u rc e : h ttp s :/ / to wa rd s d a ta s c ie n c e .c o m / m o d e l- p a ra m e te rs - a n d - h yp e rp a ra m e te rs - in -
m a c h in e - le a rn in g - wh a t- is - th e - d iffe re n c e - 702d 309 70f6

Approaches for Selecting Hyperparameters

Image Source: Bergstra, J., Bengio, Y.: Random search for hyper-parameter optimization. Journal of Machine 
Learning Research 13, 281–305 (2012)

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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Model Evaluation: Does added flexibility 
always mean better?

2026-10-29   | 17Image source: https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t

https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
https://www.r-bloggers.com/2022/09/how-to-avoid-overfitting/
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Model Evaluation: Does added flexibility 
always mean better? - 2

Discrimination
Can the model rank higher-risk people above lower-
risk people?

AUROC / AUPRC

Calibration
Are predicted probabilities consistent with observed 
risk?

Calibration plot / slope

Threshold performance
Who is flagged for action at a chosen cutoff?

Sensitivity / specificity / PPV

Decision utility
Does acting on the model improve decisions?

Net benefit / impact evaluation

2026-10-29   | 18

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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Model Evaluation: Discr imination

2026-10-29   | 19

ML m o d e l d is c rim in a tio n s  is  
typ ic a lly e va lu a te d  b y AUROC. 

Th e  c lin ic a l va lu e  o f AUROC 
d e p e n d s  o n  th e  s e le c te d  

th re s h o ld  a n d  th u s , th e  tra d e - o ff 
b e twe e n  s e n s it ivity a n d  

s p e c ific ity

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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Choose r isk thresholds for  the public health action

Lower threshold
• More people eligible

• Greater sensitivity (typically)

• Higher program demand

• More false positives

Higher threshold
• Fewer people eligible

• Greater specificity (typically)

• Lower program demand

• More missed cases

The best threshold depends on intervention benefit, capacity, costs and equity.

2026-10-29   | 20

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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Model Evaluation: Discr imination ≠ calibration

The following models might have the same discrimination 

Well calibrated

Predicted probability →

Systematic overprediction

Predicted probability →

A model may rank patients correctly but 
misstate absolute risk.

Illustrative calibration plots (not empirical study results). 2026-10-29   | 21
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Model Evaluation: Subgroup evaluation

In 2018, Amazon scraped its 
secret AI recruiting tool that 
showed bias against women! 

The system penalized resumes that 
included the word “Female”, as in 
“President of Female Business 
Leadership Group Chapter.”

2026-10-29   | 22
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Model Evaluation: Subgroup evaluation - 2

2026-10-29   | 23

Evaluating across subgroups can help detect potential bias and support equitable model development 

Ove ra ll 
( N= 18 5 6 )

Fe m a le s  
( N= 8 98 )

Ma le s  
( N= 95 8 )

Ac c u ra c y 0 .8 9 0 .9 0 0 .8 8
Pre c is io n 0 .8 9 0 .9 1 0 .8 8

Re c a ll 0 .8 9 0 .9 0 0 .8 8
F1 s c o re 0 .8 9 0 .9 0 0 .8 8

AUC 0 .8 9 0 .9 1 0 .8 8
Fa ls e  Po s it ive s , n ( %) 5 7 (3.1) 24  (2.7) 33 (3.4 )

Fa ls e  Ne g a t ive s , n ( %) 14 7 (7.9 ) 6 3 (7.0 ) 8 4  (8 .8 )

Exa m p le  
c o d e  

c m a j 
m a n u s c rip t
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Model explainability – and our  misinterpretation of explainability 

2026-10-29   | 24
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4. Responsible Implementation
What needs to be true before a prediction tool is used?

2026-10-29   | 25AI for  Prediction and Risk Modelling   |  AI4PH   |   PHAC  
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Checklist for  responsible use of AI prediction models in 
public health 
• External validation in the intended populations, settings and calendar period

• Transparent reporting, appropriate data governance and privacy protections

• Calibration, subgroup performance, and assessment of inequitable downstream consequences

• Human oversight, interpretable decision pathways and clear accountability

• Prospective impact evaluation, drift monitoring, updating and retirement criteria

Responsible use = valid model + defensible action + ongoing governance.

2026-10-29   | 26
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Better metr ics ≠ better  health outcomes

Model

Higher discrimination and 
appropriate calibration

→
Decision

Action changes because 
risk is available

→
Impact

Prevention, better 
outcomes, equitable value

Evaluate prospective impact, costs, unintended consequences, and who benefits.

2026-10-29   | 27
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Five take-home messages if you want to build an ML 
prediction model 

• Start with the public health decision—not the algorithm

• Compare ML with strong statistical baselines

• Assess calibration and decision utility, not discrimination alone

• Do not mistake predicted risk for preventable risk

• Real-world benefit requires implementation science, equity and monitoring

2026-10-29   | 28
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Thank you! 

Let’s Connect
Email: gemma.postill@utoronto.ca
LinkedIn: https://www.linkedin.com/in/gemma-p-80481987/
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