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Introduction

• CVD – Cardiovascular Diseases

• Risks for CVD:
• high blood pressure

• high low-density lipoprotein (LDL) cholesterol

• Diabetes

• smoking and secondhand smoke exposure

• Obesity

• unhealthy diet

• physical inactivity



Literature Review

• Less than 8% of prediction models in studies 
published from 2009 to 2016 included longitudinal 
data as time-varying covariates

• Most studies were using baseline data and only 8 of 
them had time varying covariates

• Lots of ML were used but ML classifiers cannot 
predict the time to event, do not account for 
censoring, and need to be re-trained for each 
prediction time



Literature Review

• Commonly used ML were Random Survival Forest 
(RSF), DeepSurv, and Nnet-survival, many cannot 
directly process the time series of repeated 
measures as input

• Recently introduced were Dynamic-DeepHit and 
MATCH-Net but their utilities need to be externally 
validated in medical applications



Aim of the study

• to evaluate the utility of multivariate longitudinal 
data for survival analysis of incident CVD prediction 
in young adults

• compare the predictive value among those 
strategies and against baseline models

• Identify the top performing models



Study Population

• 3539 patients

• 15 year cohort

• Cohort from Coronary Artery Risk Development in 
Young Adults (CARDIA) study



Methodology



Models



Variables

• Total: 35 features
• Time varying (6)

• Baseline (29)



Results







Discussion
• RSF on TS performed the best

• longitudinal data improved up to 8% in AUC and C-
index, compared to using baseline values alone, and up 
to 4% compared to using the last observed data

• TIME is one explainability technique that explains 
RSFTS better, along with the capability of explaining all 
temporal models using raw time series as input

• The predictors with the strongest association with 
lowered survival probability included HBM, smoking 
status, DBP, glucose, LDL, HDL, SBP, and pulse beats



Limitations
• did not exhaustively try all tuning options

• the number of CVD events by the end of follow-up 
was relatively small

• CARDIA study consists of Black and White 
participants in the US with baseline data collected 
in 1985, and thus the results from this work may 
not be transferable to other populations of 
different demographic characteristics

• Some models did not perform at all

• TIME evaluation do not imply causality
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