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Background:  
 
It is common to make longitudinal observations, repeated measurements over time, of 
biomarkers (and other covariates). Rather than smoothly changing over time, some biomarkers 
may exhibit sharp changes in their behaviour; a change-point is an identifiable shift in the long-run 
biomarker level [1]. 
 
In specific situations, such as our interest in monitoring cognition, the abrupt change in the 
biomarker, rather than the specific level, is the primary outcome of interest. A rapid decline in 
cognitive ability is linked with dementia and other cognitive impairments, beyond the normal age-
related decline [2,3]. 
 
The aim of this project is to help researchers answer one of the most important questions, how to 
design a study to detect such a change-point. There are many competiting factors, costs being a 
significant driver of study time, but also how to maximise the information from each participant 
while minimising the burden of participation in the study.. 
 
Project: 
 
Estimation of the change-point in cognitive decline is well established in the cognition literature, 
using the Mini-Mental State Exam (MMSE) [4].  
 
Change-point models are a non-linear longitudinal model of a biomarker, they make inference on 
the trajectory of the biomarker and its change-point, both of which may be a clinical outcome of 
interest by themselves or linked to increased risks of another disease or condition. 
 
Study design of non-linear models is non-trivial, especially if we incorporate the issue of missing 
data due to participant attrition (drop out), and consider design in a Bayesian context (rather than 
the more familiar frequentist metrics) [5]. 
 
The project will investigate novel study designs that adapt the number and interval of 
observations for each individual and demonstrate whether this leads to an increased power to 
detect change-points within a biomarker. 
 
As a distinct, but closely linked concept, is to consider change-points as the outcome of interest in 
a trial or comparison of treatment groups. A treatment might fail to prevent rapid decline, but 
could delay the time until onset of rapid decline; to test this involves analysing the time to the 
change-point, not just the existence of a change-point. 
  
The project will be hosted in the MRC Biostatistics Unit in Cambridge, with visits and a potential 
short research visit to Oxford. 
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Start Date: Easter Term 2020 (UK applicants only) or Michaelmas Term 2020 (all applicants) 
 
All application queries regarding eligibility should be directed to phdstudy@mrc-bsu.cam.ac.uk  
 
How to Apply: Applications should be made on-line via www.graduate.study.cam.ac.uk/applicant-
portal selecting course details MDBI22 PhD in Biostatistics 
 
Deadline for applications: 7th January 2020 
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