
Background

Data

EM-type Algorithm

vStrong consistency of parameter estimators: 
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vSandwich variance estimator is consistent:
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Simulation Studies

• Multivariate interval-censored data
Ø Multiple types of events or clusters of 

study subjects
Ø Each event is only known to occur over a 

particular time interval
• Example: Atherosclerosis Risk in 

Communities Study

• 𝑛 clusters
• 𝑛/  subjects in 𝑖th cluster
• 𝐾 types of events
• 𝑋/0" ⋅ : covariates for the 𝑘th event time for 

the 𝑗th subject of the 𝑖th cluster
• 𝑇/0": event time bracketed by (𝐿/0" , 𝑅/0"] 
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Models and Pseudo-Likelihood

• Marginal	hazard	function	for	𝑇/0":
λ/0" 𝑡 = 𝜆" 𝑡 𝑒𝑥𝑝{𝛽"1𝑋/0"(𝑡)}

• Pseudo-Likelihood for 𝛽"  and Λ":
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• Introduce latent (Poisson) random variables 𝑊/0"5
• E-step

!𝐸 𝑊/0"5
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• M-step
Ø Update 𝛽": 
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Ø Update 𝜆"5: 

λ"5 =
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Asymptotic Properties

• Clustered data: compare marginal 
model and random-effects model

A Real Data Example 

• Events: diabetes and hypertension
• Baseline risk factors: age, body mass 

index, glucose level, systolic blood 
pressure and diastolic blood 
pressure

• 8735 individuals, 2000 distinct 
interval endpoints

Future Work

• Multiple-event data: estimate a 
common parameter

• Model checking
• Joint model: allow intermittent 

missing covariate values or 
measurement errors

• Transformation model: non-
proportional hazard


