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Final draft SAPs will be circulated to all ISARIC partners for their input with an invitation 

to participate. ISARIC can help to set up collaborator meetings; form a working group; 

support communications; and accessing data. Please note that the details of all 

approved applications will be made publicly available on the ISARIC website. Please 

complete all sections of this form fully and return to ncov@isaric.org 

Introduction 

Hospitalised patients with COVID-19 are at risk of a number of complications, such 
as pulmonary embolism, which early in the pandemic had an incidence of 2.6–8.9% 
among all hospitalised patients and up to one third of patients requiring intensive 
care (Sakr et al., 2020). 

The aim of the project is to explore methods for predicting clinical outcomes (e.g. in-
hospital pulmonary embolism and mortality) in cohorts of hospitalised patients and 
compare their properties, with application to data from a cohort of hospitalised 
patients with COVID-19. 

This project will investigate both classical statistical models (e.g. logistic and time-to-
event regression with and without regularization) and machine learning approaches 
(e.g. tree-based algorithms such as extreme gradient boost machine, XGBoost). 
These methods will be used to predict outcomes using a large number of clinical 
variables (including demographics, comorbidities, and risk factors) on patients 
hospitalised with COVID-19. The main objective will be to review, apply, and 
compare the properties of different methods, with application to data from ISARIC. 

This is a student project for the Centre for Doctoral Training in Health Data Science 
at the University of Oxford. 

This document details the initial analysis plan for publication on a subset of COVID-19 
patients in the global cohort in the ISARIC database, as of January 2022.  There are 
currently 53 countries contributing data and these have so far contributed data on 
~800,000 patients. These data will represent the global experience of the first 2 years 
of this pandemic. 
 

Participatory Approach 
All contributors to the ISARIC database are invited to participate in this analysis 
through review and input on the statistical analysis plan and resulting publication. The 
outputs of this work will be disseminated as widely as possible to inform patient care 
and public health policy, this will include submission for publication in an international, 
peer-reviewed journal. ISARIC aims to include the names of all those who contribute 
data as cited collaborators of this publication, subject to the submission of contact 
details and confirmation of acceptance of the final manuscript within the required 
timelines, per ICMJE policies and the ISARIC publication policy. 
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Research Plan  
Summary of Research Objectives  

 
To investigate and compare methods for predicting risk of pulmonary embolism 
and death among patients with COVID-19 
 

Proposed Target Population  

 
Hospitalised patients with COVID-19 
 

Clinical Questions/Descriptive Analyses 

Can the risk of pulmonary embolism (and of [any] death) during hospitalisation with 
COVID-19 be predicted by patient characteristics at admission? 

How well do various approaches for predicting risk of a binary (and time-to-event) 
outcome perform in this setting? 

The project will involve: 

● Conducting a brief literature review. 
● Implement statistical and tree-based machine learning methods on COVID-

19 data. 
● Comparison of the methods and results. 

This project can act as a foundation for a DPhil, which may include: 

● Comparison of methods for predicting outcomes, applied to data and 

potentially using simulation studies. 

● Extensions to deep learning for time-to-event outcomes. 
● Comparisons of measures for evaluating model performance. 

Data from ISARIC will be used. If expanded into a DPhil project, data from the UK 
Biobank may also be used. 

 

Planned Statistical Analyses, Methodology and Representation 

 

1. Summary statistics of key demographic variables. 

2. Numbers of patients who developed pulmonary embolism during 
hospitalization. 

3. Summary statistics of symptoms at presentation, comorbidities, risk factors 
and lab results. 

4. Fitting different models for predicting risk of pulmonary embolism given 
patient characteristics at admission (age, sex, country, symptoms, 
comorbidities, risk factors, lab results): 
- Logistic regression 
- Logistic regression with regularization (e.g. lasso, ridge, elastic net) 
- Logistic regression with regularization including interaction terms 
- Random forests 
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- Extreme gradient boost machine, XGBoost 
- Convolutional neural networks 

          Data will be split into training/testing/validation sets and cross-validation will 
be used where appropriate. As there is variability by country and site country will 
be taken into account when splitting the data. Different methods for interpreting 
feature importance (which may involve different metrics for each type of model) 
and assessing the predictive performance (e.g. area under the ROC curve [AUC], 
Brier score) of models will be used. 

5. Extension on the approaches in (4) to time-to-event outcomes, using death 
as the outcome. 

6. Sensitivity analyses (such as restricting to lab-confirmed SARS-CoV-2, 
exploring variability by country by fitting models within country or groups of 
countries if feasible). 

 
 

Handling of Missing Data 

Analysis will be performed to ascertain a detailed overview of the extent of 
missingness in the data. This will enable us to identify the variables that are 
unsuitable for inclusion in the analysis. Depending on findings, different approaches 
for handling missing data will be considered and compared. 
 

 

Other Information 
Findings will be submitted for publication. 
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