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Introduction

• Heart failure (HF) patients often experience complex clinical 
trajectories involving hospitalisation and death. 

• Conventional survival models that focus on a single endpoint may 
fail to capture these sequential outcomes adequately. 

• This study applies a multistate survival framework to characterise 
transitions to cardiovascular (CV) admission and death in a 
hospital-based cohort.



Cardiovascular Disease & Heart Failure

• Cardiovascular disease (CVD) encompasses disorders of the 
heart and blood vessels, including coronary artery disease, heart 
failure, stroke, and related conditions, that contribute 
substantially to morbidity and mortality

• Heart failure (HF) is a syndrome caused by structural or functional 
cardiac abnormalities that result in impaired ventricular filling or 
ejection, leading to symptoms, signs, hospitalization, and 
increased mortality.

• HF is a major subtype of CVD.



Multi-State Model 

• Multistate models generalize survival analysis by allowing individuals 
to move through multiple discrete states over time, rather than a single 
transition (alive → dead).

• Typical examples:
Healthy → Disease → Death
Acute myocardial infarction → Heart Failure → Death
Hospitalized → Discharged → Readmitted → Death

• Each transition can have its own hazard and its own covariates.



Stata Command: msset

msset declares the multi-state structure of data.

It is conceptually similar to stset,  but designed for multiple transitions.

Core role of msset:
• Defines states
• Defines allowed transitions
• Defines time variables
• Prepares data for estimation commands such as stcox, streg, etc., by transition



Data
• The HF subjects were recruited by the National University Hospital of Singapore (NUH) 

from 2011 to 2018. 

• Time-to-event data were structured using a multistate setup, and transition-specific 
parametric survival models were estimated using lognormal distribution. 

• The absorbing outcomes were CV admission and all-cause death within two years. 

• Baseline covariates included sex, ethnicity, New York Heart Association (NYHA) class, 
reduced left ventricular ejection fraction (LVEF <40%), age ≥65 years, and resting heart 
rate ≥60 bpm. 

• Analyzed with Stata MP v19, all statistical tests were conducted at 5% level of 
significance.



Descriptive 
Statistics

NYHA stands for the New York Heart Association functional 
classification, a system used to grade the severity of heart 
failure:
•Class I – No limitation of physical activity
•Class II – Mild limitation; symptoms with ordinary activity
•Class III – Marked limitation; symptoms with less-than-
ordinary activity
•Class IV – Symptoms at rest



Descriptive Statistics
0: Other, 1: Chinese, 2: Malay, 3: Indian



Descriptive Statistics



Ex
pl

or
at

or
y 

M
od

el
 w

ith
 

C
ox

 R
eg

re
ss

io
n

Omitted “Other” ethnic group

Note:
Heart failure is captured in 
LVEF and NYHA



Potential Parametric Model for CV 
Admission in 2 Years

Constant hazard

Constant/Decreasing/Increasing hazard

Non-monotonic hazard: rise, peak and fall



Results: Selection of 
Time to CV Admission 
in 2 Years

Parametric model selection with AIC and BIC

Lognormal model is selected



Results: Time to CV Admission

Accelerated Failure Time (AFT) Model



Cox Regression vs AFT 



Multi-State Model Setup



Results: Multi-State Model of Death in 2 Years



Results: Multi-State Model of Death in 2 Years



Discussion & Conclusion

• Cardiovascular admission is associated with an exceptionally 
large increase in mortality risk, confirming it as a pivotal transition 
in the multistate progression of heart failure.

• Prevent cardiovascular admission.
• Pay attention to heart failure patients.



THANK YOU
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