[bookmark: _Hlk113462258]Advanced Biostatistics in Real-World Data 
with COVID-19 Research Examples
[bookmark: _GoBack]National Cheng Kung University
December 22- 25, 2022
Syllabus
Instructor:	Yu Shyr, Ph.D. 
Chair, Department of Biostatistics
Director, Vanderbilt Center for Quantitative Sciences 
Harold L. Moses Chair in Cancer Research
Professor of Biostatistics, Biomedical Informatics, and Health Policy
Vanderbilt University Medical Center
E-mail: yu.shyr@vanderbilt.edu

[bookmark: _Toc421346130][bookmark: _Toc421347604][bookmark: _Toc422102173]I. Design and Conduct of Biomedical Research
The theoretical and practical challenges to be considered in designing and conducting biomedical real-world research as well as high-dimensional experiments will be presented.  Topics to be discussed include the specification of a primary objective, the choice of design strategy and design-strengthening features, the considerations involved in precision analysis & sample size determination, the role of matching and the means of its implementation, the type and assessment of baseline imbalance, and the methods of missing data analysis.
[bookmark: _Toc421346131][bookmark: _Toc421347605][bookmark: _Toc422102174]II. Analysis of Biomedical Research
Methods of analysis appropriate to various designs, such as cohort design, case-control design cross-section desing, and designs with repeated measures, will be presented. The statistical approach for continuous, categorical, and time-to-event endpoints will be discussed, the emphasis on understanding what the procedures do and applications to data analysis. The common errors in analysis of biomedical real-world data research and how to avoid them will be discussed. Issues related to statistical modeling strategy for real-world data with several published examples will also be presented. 
This course will also discuss how to apply novel, sophisticated matching methods and missing data analysis to biomedical studies. In addition, we will discuss ensemble learning methods such as boosting, bagging, and stacking, aggregate multiple models together to create a strong learner that has the potential of achieving great predictions in the biomedical real-world data. Similar to the causal inference methods, these methods move beyond the simple, traditional statistical models and may not be easily understood by non-quantitative researchers.
III Topics:

	

Date
	Topic

	Dec 22 (Thursday)
6:00 PM – 8:30 PM
	· Study design
· Sample size determination and precision analysis
· Lab (1) Monte Carlo simulation

	Dec 23 (Friday)
6:00 PM – 8:30 PM
	· Statistical methods in biomedical research I 
· Univariate data analysis (parametric and non-parametric tests)
· Regression (linear and non-linear) analysis for continuous, binary, count, and ordered data
· Lab (2) Markov Chain Monte Carlo

	Dec 24 (Saturday)
9:00 AM – noon
1:00 PM – 4:30 PM
	· Statistical methods in biomedical research II
· Mixed effect model, GEE model, Cox model
· Propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) 
· Missing data analysis
· Multivariate model building strategy 
· Lab (3) Missing Value Imputation, mixed effect model, and GEE

	Dec 25 (Sunday)
9:00 PM – noon
1:00 PM – 4:30 PM
	· Machine learning methods in high-dimensional data analysis
· Ridge regression, Lasso, Elastic net model
· Boosting, bagging, and stacking, aggregate multiple models
· Lab (4) Lasso and Boosting regression




IV. Software

PS Sample Size and Power Calculations (developed by William Dupont, free download)
R

V. Grade
Lab report (25%)
Homework (25%)
Final (50%)
