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Overview

 Background of the STRATOS initiative

e TG 2 — Variable and function selection
- Issues in

Variable selection
Function selection for continuous variables

- Requirements for evidence supported guidance



Statistical methodology -
Current situation

e Statistical methodology has seen some substantial development
e Computer facilities can be viewed as the cornerstone

e Possible to assess properties and compare complex model building
strategies using simulation studies

 Resampling and Bayesian methods allow investigations that were
impossible two decades ago

 Wealth of new statistical software packages allow a rapid
implementation and verification of new statistical ideas

Unfortunately, many sensible improvements are ignored in practical
statistical analyses



Reasons why improved strategies are ighored

e QOverwhelming concern with theoretical aspects

* Very limited guidance on key issues that are vital in practice,
discourages analysts from utilizing more sophisticated and possibly
more appropriate methods in their analyses



Improvement

At least two tasks are essential

* Experts in specific methodological areas have to work towards developing
guidance documents

* An ever-increasing need for continuing education at all stages of the career

* For busy applied researchers it is often difficult to follow methodological
progress even in their principal application area

— Reasons are diverse
— Consequence is that analyses are often deficient

 Knowledge gained through research on statistical methodology needs to be
transferred to the broader community

e Many analysts would be grateful for an overview on the current state of the
art and for practical guidance documents



Aims of the initiative

* Provide guidance documents for highly relevant issues in the design
and analysis of observational studies

e As the statistical knowledge of the analyst varies substantially,
guidance has to keep this background in mind. Guidance documents
have to be provided at several levels

 For the start we will concentrate on state-of-the-art documents and
the necessary evidence

 Help to identify questions requiring much more primary research

The overarching long-term aim is to improve key parts of design and
statistical analyses of observational studies in practice
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On requirements for an evidence supported
guidance document

Issues in variable and function selection

(consider low dimensional data and not ‘too small sample sizes)
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TG2: Selection of variables and functional forms in
multivariable analysis

In multivariable analysis, it is common to have a mix of binary, categorical (ordinal or unordered) and
continuous variables that may influence an outcome. While TG6 considers the situation where the
main task is predicting the outcome as accurately as possible, the main focus of TG2 is to identify
influential variables and gain insight into their individual and joint relationship with the outcome. Two
of the (interrelated) main challenges are selection of variables for inclusion in a multivariable
explanatory model and choice of the functional forms for continuous variables.

[...] The effects of continuous predictors are typically modeled by either categorizing them (which
raises such issues as the number of categories, cutpoint values, implausibility of the resulting step-
function relationships, local biases, power loss, or invalidity of inference in case of data-dependent
cutpoints) or assuming linear relationships with the outcome, possibly after a simple transformation
(e.g. logarithmic or quadratic). Often, however, the reasons for choosing such conventional
representation of continuous variables are not discussed and the validity of the underlying
assumptions is not assessed.

To address these limitations, statisticians have developed flexible modeling techniques based on
various types of smoothers, including fractional polynomials and several ‘flavors’ of splines.

[...] collaborations with other TGs to account for such complexities as missing data, measure- ment
errors, time-varying confounding or issues specific to modeling continuous predictors in survival
analyses.
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TG2: Part 1 - Selection of variables

e Alarge number of methods proposed (for many decades)

 High-dimensional data triggered the development of further
proposals

* Many issues

The following slides are taken from the ‘Statistics in Practice’
presentation at the meeting of the German Region of the Biometric
Society, March 2016

http://www.biometrische-gesellschaft.de/arbeitsgruppen/weiterbildung/education-for-
statistics-in-practice.html
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Education for Statistics in Practice, DAGStat 2016

Variable selection — a review and
recommendations for the practicing
statistician

Georg Heinze & Daniela Dunkler
Medical University of Vienna
CeMSIIS — Section for Clinical Biometrics

georg.heinze@meduniwien.ac.at, daniela.dunkler@meduniwien.ac.at
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Focus of this presentation:

 Methods and consequences of variable selection

Complexity is your
enemy. Any fool can make

something complicated.
It is hard to keep hings simple.

Sir Richard Branson
founder of Virgin Group

When | do my own makeup, | keep things pretty
simple.

(Jordana Brewster)

izquotes.com
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Statistical prerequisites

Model estimation:
maximum likelihood

IQues

AlC and AICC

)

Bias-variance
tradeoff

Change-in-estimate criterion ]

Heinze & Dunkler, 03-2016; Part I-2: 152



Basic algorithms

‘Full” model
Univariable filtering
Best subset selection
Forward selection
Backward elimination

Change-in-estimate: Purposeful variable selection and
augmented backward selection

Information-theoretic approach
Directed acyclic graph (DAG)-based selection
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Opinions on variable selection

for models with focus on prediction and explanation.

-

Variable selection

Multivariable
Ewout W. Steperberg

Model-building

th Agpicatons o Linear Model APacical Approach te
Logeitic wnd Orbeusl Begpesnaon, Development, Validation, and
0 Sarvienl dzgnn Updating

£ Sy

(Harrell, 2001; Steyerberg, 2009; Burnham & Anderson, 2002, Royston & Sauerbrei, 2008)

Heinze & Dunkler, 03-2016; Part I—31:7 11



Recipe for disaster

e Prepare a long list of poorly conceived predictors.
Add only small 1.

Mix together in an extensive iterative data dredging.
Select the model with the smallest p-values.

Present this final model without further
considerations.

Bon appétit!

Heinze & Dunkler, 03-2016; Part 11-3: 182



TG2: Part 2 - Selection of functions
for continuous variables

Categorization of continuous variables is still very

popular (despite well known weaknesses)
Linearity is often assumed without checking

Often better alternatives
- Fractional polynomials

- Splines
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Fractional polynomials

Fractional polynomials and the multivariable fractional polynomial (MFP) approach

Royston and Altman (1994)
Sauerbrei and Royston (1999)
Royston and Sauerbrei (2008)

The MFP approach combines
e Selection of variables by using backward elimination (BE) with
e Selection of fractional polynomial (FP) functions of continuous variables

Although relatively simple and easily understood by researchers familiar with the basics
of regression models, the selected models often extract most of the important
information from the data. Models derived are relatively easy to interpret and to
report, a pre-requisite for transportability and general use in practice.

Easy to use software is available.

http://mfp.imbi.uni-freiburg.de/
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Splines

Several approaches. Guidance is urgently needed.

Multivariable Regression Modelling

A review of available spline packages in R.

Aris Perperoglou for TG2

ISCB 2015



Splines

Splines are piecewise polynomial functions

* Given the range of a continuous variables, define points on this
interval (knots)

Fit a simple polynomial between these knots.

Depending on the selection of knots and the type of polynomial
the type of spline is named as:

e polynomial, natural, restricted regression splines (de Boor 1978, Harel
2013)

e b-splines (de Boor 1978), p-splines (Marx and Eillers 1996), penalized
regression splines (Wood 2006)

* smoothing splines, Generalized Additive Models (Hastie and Tibshirani
1990). ..

Aris Perperoglou for TG2, ISCB 2015



Decisions required for spline modelling

e Although splines are a powerful tool, in practice
the number of decisions that the user has to
make complicate the modelling problem.

e Type of spline
e Number of knots
e Position of knots

e Order of the spline (complexity)

Aris Perperoglou for TG2, ISCB 2015



Comparisons of approaches required

Comparison between splines and fractional polynomials for multivariable model

building with continuous covariates: a simulation study with continuous response
Harald Binder, Willi Sauerbrei and Patrick Royton; Statistics in Medicine, 2013
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Simulation studies: Simple designs do often not help
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Steps towards guidance documents
Selection of multivariable models for explanation (TG2)

e Strategies for variable selection
- Better understanding of advantages and disadvantages
- Role of model complexity, stability and shrinkage
* Review of the literature about methods
- Strategies used in practice
- Comparison of strategies for model building
* Comparison of spline procedures
» Specific role of ‘spike at zero’ variables?

 Comparison of approaches for variable selection and choices of functional form

e Guidance documents for variable and function selection
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Summary

Many issues...

 Alarge number of variable selection strategies has been proposed
 There are several spline based procedures

...how to derive evidence to support guidance documents

 Theoretical investigations?
e Large and meaningful simulation studies!!!
e Good examples
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