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Introduction
“Modelling”, “machine learning”, “big data”



Machine learning in health : What for ?

1. Epidemiology in the Big Data Era

2. Diagnostic and Prognostic models
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Machine learning for 
epidemiology in the Big 
Data Era
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Who is your John Snow?
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Kit Harrington, 
playing Jon 

Snow in Game of 
Thrones

John Snow,
English 
physician 
(1813-1858)



John Snow and the Broad Street Pump
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▸ Cholera outbreak in London, 1854
▸ John Snow investigated by reporting

cholera cases
▸ Identified contaminated water from a 

water pump: the Broad Street pump

Original map by John Snow showing the clusters of 
cholera cases in the London epidemic of 1854



John Snow and the Broad Street Pump
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▸ Cholera outbreak in London, 1854
▸ John Snow investigated by reporting

cholera cases
▸ Identified contaminated water from a 

water pump: the Broad Street pump
▸ The removal of the handle led to 

cessation of the epidemic

The Broad Street pump, Soho , London



From John Snow to modern reporting
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A first example: obesity in France 
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▸ What are the dynamics of overweight, obesity and 
diabetes in France?

▸ Previous statistical studies estimating prevalence
evolution

▸ We want to investigate the evolution of incidence

Machine learning approach 



Why does incidence matters?
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▸ PNNS: Programme National de Nutrition 
Santé 2019-2023

▸ Goal: Prevalence of obesity reduction by 
15% in 5 years

▸ How does it translates into new cases 
allowed per year, ie incidence?



Model of overweight, obesity and type 2 
diabetes
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Parameter estimation
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▸ Using 1998 to 2014 surveys (ESPS)
▸ 97,948 respondents
▸ Age, sex and calendar year impacting transition rates



Some brief results
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Some brief results
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▸ Yearly risk of type 2 diabetes, 30 y-o man in 2020s:
▹ 0,035% with normal weight
▹ 0,26% with overweight
▹ 0,56% with class I obesity
▹ 1,46% with class II or III obesity

▸ 48% higher risk to develop diabetes in the 2010s than in 
the 1980s within the same BMI class



What about the PNNS goals?
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What about the PNNS goals?
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Necessitates a 63%
decrease in weight gain, 
and increase in weight loss



A second example: NAFLD (with bigger data!)

▸ NALFD: Non-alcoholic Fatty Liver Disease
▸ Spectrum of NAFLD: isolated steatosis 

and NASH
▸ Silent disease related to obesity and 

metabolic syndrome, asymptomatic until 
serious events (HCC, cirrhosis)
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Le Parisien, 13/04/2018



Model of NAFLD progression
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Model of NAFLD progression
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Model of NAFLD progression
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Background 

mortality



A more complex model
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▸ A huge number of parameters
▸ A lot of disease states, some never observed
 Use of the PMSI database:
▸ All patients with liver disease identified
▸ 389 453 patients
▸ 27 306 341 hospital stays

Programme de Médicalisation des Systèmes
d’Information
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Cohorte née en 1950
Âge actuel :



Mortality due to NAFLD

23

Cohorte née en 1950
Âge actuel :
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Cohorte née en 1950
Âge actuel :



Model of NAFLD progression
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▸ Predict NAFLD progression nationwide

▸ Forecast actual and future burden related to NAFLD

▸ Evaluate the impact of 
▹ a medicine targetting fibrosis, NASH,… 
▹ a public policy targetting overweight, obesity,…



Machine learning for 
diagnostic and 
prognostic models
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Machine learning is everywhere
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Promises of machine learning
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Promises of machine learning
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Promises of machine learning
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▸ Several success with machine learning applied in health, eg diabetic
retinopathy

▸ A systematic review of 82 studies makes for sobering reading:
▹ Only 24% with external validation
▹ Only 17% compared to health professionals
▹ Unrealistic conditions regarding clinical practice

▸ Poor performance of diabetic retinopathy algorithm in poorly-lit eye 
clinics in Thailand

Liu X, et al. A comparison of deep learning performance against health-care professionals in detecting diseases from medical imaging: a 
systematic review and meta-analysis. Lancet Digital Health 2019
Beede E, et al. A human-centered evaluation of a deep learning system deployed in clinics for the detection of diabetic retinopathy. April, 
2020



Promises of machine learning
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COVID and machine learning
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COVID and machine learning
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▸ 232 diagnostic or prognostic prediction models



COVID and machine learning
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COVID and machine learning
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COVID and machine learning
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Discussion



Discussion
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▸ Machine learning as a high-value tool to manage Big Data
▸ Machine learning for prediction model: ups and downs
▸ Never a magic answer

Source: xkdc
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“Prediction is very 
difficult, especially if it's 
about the future
Niels Bohr, physicist
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Questions


