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Joint modelling is a valuable method to accurately estimate the association between a time-varying
biomarker and a survival outcome. The idea of the joint modelling closely reflects contemporary
trends in medicine: personalised and dynamic. https://bit.ly/3pbMBFX

Cite this article as: Chen Y, Postmus D, Cowie MR, et al. Using joint modelling to assess the association
between a time-varying biomarker and a survival outcome: an illustrative example in respiratory medicine.
Eur Respir J 2021; 57: 2003206 [https://doi.org/10.1183/13993003.03206-2020].

This single-page version can be shared freely online.

A commonly used approach to study the association between a time-varying biomarker, such as forced
vital capacity (FVC), and a time-to-event outcome, such as new onset of COPD, is to incorporate the
biomarker as a time-dependent covariate in a Cox model. This approach, which is known as the
time-dependent Cox model (TDCM), requires knowledge of the value of the time-varying biomarker at all
time points at which the event of interest occurs [1]. However, in clinical studies, longitudinal biomarker
measurements are taken intermittently during scheduled (and sometimes unscheduled) visits, meaning
that imputation of missing values is required for those event times at which the biomarker is not observed.
In practical application of the TDCM, this is achieved by carrying forward the most recent biomarker
measurement. While the use of last observation carried forward (LOCF) is easy to understand and
implement, the resulting step function (example in figure 1c) is unlikely to provide a good approximation
of the true biomarker trajectory. Consequently, the use of LOCF in the context of the TDCM has been
shown to result in an underestimation of the true effect of that biomarker [2]. For example, when studying
whether the amount of gluten intake during the first 5 years of life was associated with coeliac disease
autoimmunity and coeliac disease in genetically at-risk children, ANDRÉN ARONSSON et al. [3] found that the
TDCM greatly underestimated the effect of this variable as compared to an alternative approach that was
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based on the joint modelling of the longitudinal and time-to-event data, with estimated values of the
hazard ratio (HR) of 1.14 and 1.30, respectively. In clinical terms, the 6% to 7% increase in absolute risk of
coeliac disease for a small 1 g per day increase in gluten intake as estimated by the joint model appeared
to be clinically meaningful, while the attenuated effect estimated by the TDCM might not have surpassed
the minimum clinically important difference. How this alternative approach based on joint modelling of
longitudinal and time-to-event data works and of how it can be applied in the setting of respiratory
medicine is described in the next sections.
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