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Outline

Multivariate pattern analysis

• What is it and why do we need it?
• How can it be applied to accelerometry intensity spectra?
• What have we learned?



Limitations of the traditional analytic approach to 
determine associations with accelerometry PA data

• Studies have primarily used blunt descriptions of PA, mainly total PA, MVPA, and/or SED  
- this practice may lead to loss of information and residual confounding

• Due to multicollinearity of PA variables, multiple variables should not be included in the
same statistical model when applying ordinary least squares linear regression

• The whole specter of PA intensities should be included, possibly using a                 
greater resolution than the commonly used gross intensity categories
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Multivariate pattern analysis

• Is a dimension reduction method

• Uses latent variable modelling, rather similar
to Principal Component Analysis (PCA), but

• Multivariate pattern analysis maximizes
variance between many explanatory
variables and an outcome

• PCA maximizes variance among the
explanatory variables
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Association patterns were similar, 
but strengths of associations differed



2 types of information are useful

The total explained variance of the model
▪ How much of the variation in the outcome

is explained by ALL PA variables jointly?

The association signature/profile/pattern
▪ Which part of the intensity spectrum is 

strongest associated with the outcome?



Explained variance = 10%

Explained variance = 17%
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Explained variance = 19%

Explained variance = 14%Explained variance = 17%
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Joint model: 30% explained variance



Sample
• 821 schoolchildren (10-year-olds)

• Composite metabolic health outcome

• 1 sec epoch

Explained variance
• CPM: 3%

• MVPA: 7%

• SED, LPA, MPA, VPA: 10%

• Uniaxial intensity spectrum: 17%

• Triaxial intensity spectrum: 30%

More information from accelerometry



Explained variance
• Uniaxial intensity spectrum: 6.2% 

• Triaxial intensity spectrum: 11.1%







Middle-aged to older adults





2 challenges for interpretation

• Use of «selectivity ratio» as the statistic
for reporting associations
• Unknown for many researchers
• Introduced «multivariate correlation coefficients»

• Interpretation is equivalent to bivariate correlations

• Associations are not independent
• Searching for independent associations make less      

sense when variables are highly correlated
• PA variables from accelerometry profiles do not provide

unique information – variables are not separable



How does interpretation
of associations from 
multivariate pattern
analysis models differ
from linear regression
models?



1 min

8 mins VPA in total

1 min

6 mins VPA in total

What multicollinearity mean:



We have learned that multivariate pattern analysis …

• Is suitable to model multicollinear accelerometry datasets
with any number of variables

• Provide 2 types of information that is useful
– association pattern and total model fit

• Often lead to better association models (higher explained variance) 
for higher resolution (triaxial) intensity spectrum, but not always…

• May be a good tool to compare methods or groups, although
testing of moderation (interactions) is difficult

• Can be applied to both cross-sectional and longitudinal data

• Can be applied to «raw» and compositional data 

• May be difficult to interpret (is different from linear regression)        
– does NOT estimate independent associations

• Need a good method for covariate adjustment
– have developed «confounder projection»





The way forward

• Multivariate pattern analysis can provide a nuanced and complete
picture of association patterns between accelerometry-derived PA 
data and diverse outcomes and contribute to advance our
understanding of the importance of PA for health and development

• Future research should apply multivariate pattern analysis
• In various populations

• In various study designs 

• Using various outcomes

• In direct comparisons with other approaches
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