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Shape of a story

Vonnegut, 1955



ED: 34 yo, CP, STE, hsTn 870 ... 

ACS?

Everything is moving



Dynamic hazard – different roles, same end

Urbut et al, 
Circulation GPM 
2025



The Cox Proportional Hazards model assumes the hazards are proportional: 
the relative hazard ratio remains constant over time

Hazard rate 
Alice

Hazard rate 
Bob

How does lifetime risk depend on … when the question 
is asked?



Predicts not only early disease, which we 
sometimes think of, but also all disease early

POWER DISCRIMINATION Urbut et al, 
Circulation GPM 
2025



1995 2000 2005 2010 2015

Data collection Diagnosis/event Test/observation Prescription

Inferred period of data collection

Participant summary: ID 1002769

Anti−hypertensive

Statin

Steroid

1995 2000 2005 2010 2015

Prescription history

25

50

75

100

1995 2000 2005 2010 2015

L
D

L
 (

n
g

d
L
)

Biomarkers

120

130

140

150

1995 2000 2005 2010 2015

S
B

P
 (

m
m

H
g
)

Biomarkers

1995 2000 2005 2010 2015

Data collection Diagnosis/event Test/observation Prescription

Inferred period of data collection

Participant summary: ID 1002769

Anti−hypertensive

Statin

Steroid

1995 2000 2005 2010 2015

Prescription history

25

50

75

100

1995 2000 2005 2010 2015

L
D

L
 (

n
g

d
L
)

Biomarkers

120

130

140

150

1995 2000 2005 2010 2015

S
B

P
 (

m
m

H
g
)

Biomarkers

Using the EHR to be predictive, not responsive

MI at age 57
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Using the EHR to be predictive, not responsive



Single risk factor

Double risk 

Triple risk

Absorbing

Health

MSGene: multistate model using genetics for 
dynamic prediction

Smoking TD:Anti-Htn TD:Statin
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Chapter 4: Everyone is a Bayesian

2n = a numbers 
problem

Urbut et al, 2025 medRxiv



Cardiovascular signature Neoplastic signature

Latent patterns of disease . . . within a signature

Signatures: patterns of disease co-occurrence that vary in time
Urbut et al, 2024



Time varying trajectories . . . 
But when do you ask the question?

Urbut et al, 2024

•ACC Statement on 
Inflammation: 
Inflammation is 
therapeutic target in 
CVD
•CANTOS trial: IL-1β 
inhibition reduces 
CV events



Thomas Bayes, History of life 

insurance in its formative years
American Conservation Co:, 1936, 
Chicago

Individual data 
likelihood (EHR, 

clinical data)

Continuously 
updated posteriors

𝑃 Π 𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑒𝑠 ∝ 𝑃 𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑒𝑠 Π  𝑝 Π

Population level 
signatures

Everyone is Bayesian
Joint consideration: discovery and prediction

Individual 
predilection to 

a signature



𝜆 ∼ 𝑁 𝛾𝑘 𝑔𝑖 + 𝑟𝑖 , 𝐾

Hazard for individual i of disease d at time t: 

𝜋𝑖𝑑𝑡 =  ෍

𝑘

𝑓 𝜆𝑖𝑑𝑡 𝑓 𝜙𝑖𝑑𝑡

This is statistics: Aladynoulli

Individual Population

𝜙 ∼ 𝑁 𝜇𝑑 + 𝜓𝑘𝑑 , 𝐾



𝑙𝑖𝑑= σ𝑡<𝐸𝑖𝑑
𝑙𝑜𝑔 1 − 𝜋𝑖𝑑𝑡 + 𝑌𝑖𝑑𝑡𝜋𝑖𝑑𝑡  + 1 − 𝑌𝑖𝑑𝐸𝑖𝑑

1 − 𝜋𝑖𝑑𝑡

  

Post ∝ 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 × 𝑃𝑟𝑖𝑜𝑟

𝑃(𝑀𝑜𝑑𝑒𝑙|𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑒𝑠) =  𝑃(𝐷𝑖𝑎𝑔𝑛𝑜𝑠𝑒𝑠|𝑀𝑜𝑑𝑒𝑙)  ∙  𝑃(𝑀𝑜𝑑𝑒𝑙)

At risk Event Censored

We are all Bayesians





Signatures: Characteristic patterns of incidence and timing 
𝑓 𝜙𝑖𝑑𝑡



Varying degree 
of allegiance

Consistency across biobanks



Walking the time-line… 𝑓 𝜆𝑖𝑑𝑡



Heterogeneity within disease: Revealing biology

•Ference et al., NEJM 2012: Genetic variants that lower cholesterol even moderately over lifetime dramatically reduce CAD
•Khera et al., Nat Genet 2018: PRS identifies high-risk individuals missed by traditional screening



Heterogeneity in phenotype matches
Genotype



𝜋𝑖𝑑𝑡 =  ෍

𝑘

𝑓 𝜆𝑖𝑑𝑡 𝑓 𝜙𝑖𝑑𝑡

Making predictions is only part … 



Aladynoulli: the genie works with a blindfold!



Performance assessment: Changing the paradigm



PREVENT: AUC 
0.65
Aladynoulli 
median dynamic 
0.901



http://aladynoulli.hms.Harvard.edu

What does Dynamic Look like? 

http://aladynoulli.hms.harvard.edu/
http://aladynoulli.hms.harvard.edu/




Discussion Points
• Tradeoffs of models where its highly precise, but difficult to 

communicate or models where it could potentially operate entirely 
behind the scenes and integrate into the EHR 
• Methods vs BlackBox



• What would be required to have a model 
that includes genomics, opportunistic 
imaging like CAC/CT-coronary, and AI image 
processing (like subtle signals on ECG and 
TTE)



Thank you!!!
Pradeep Natarajan, MD MMSc

Romit Bhattacharya,MD, 
Giovanni Parmigiani, PhD

Sasha Gusev, PhD
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